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KEY POINTS 


[Much of idiopathic male infertility is likely to have a genetic cause. 

[Men who have nonobstructive azoospermia or severe oligospermia with total motile count less than 
5 million should have a karyotype and Y chromosome microdeletion. 

[Klinefelter syndrome (47,XXY) is the most common chromosomal abnormality with a frequency of 
1:600 males and has a wide spectrum of clinical presentation. 

[Men with an AZFa, AZFb, AZFb/c microdeletion uniformly have complete absence of 


spermatogenesis. 


[Ef a male has congenital bilateral absence of the vas deferens, it is critical to offer him and his partner 
genetic testing for cystic fibrosis mutations as well as genetic counseling. 


INTRODUCTION 


Approximately 1 in 6 couples in the Western world 
is not able to conceive spontaneously after 1 year 
of unprotected intercourse; in nearly half of these 
couples, the male partner has 1 or more semen 
parameters below the WHO cutoffs for normozoo- 
spermia. '* Although the sequencing of the human 
genome in 2003 heralded a new era of genetic med- 
icine, it will likely take decades to realize the poten- 
tial of this project. Male infertility, in part due to the 
nature of the condition, remains largely unex- 
plained. The cause of most cases of male infertility 
or subfertility remains unknown; monogenic disor- 
ders (eg, cystic fibrosis [CF], Kallman syndrome), 
cytogenetic abnormalities (eg, Klinefelter syndrome 
[KS; 47,XXY]), and Y chromosome deletions ac- 
count for only up to 30% of cases.° The proportion 
of the remaining male factor cases that can be 
attributed to genetic causes is currently unknown, 
but it is likely that aberrations in many additional 
genes underlie a significant proportion of male 
infertility/subfertility because sperm production re- 
quires the coordinated action of thousands of 
genes, and knocking out any 1 of hundreds of 
genes in mice results in subfertility phenotypes in 
males. However, discovering such genes in hu- 
mans has proved challenging. 135° 


Based on studies of animal models, however, it 
is likely that genetic variation that alters gene 
expression or function accounts for a significant 
proportion of male subfertility. For example, knock 
outs of or mutations in hundreds of genes cause 
subfertility phenotypes in male mice. This is not 
surprising given that sperm development and 
maturation require the coordinated action of thou- 
sands of genes. However, identifying the variation 
and specific genes that are essential for reproduc- 
tive success in humans has been extremely 
challenging for 2 reasons. First, because of the 
nature of the condition, it is virtually impossible 
to conduct genome-wide family-based studies of 
infertility, approaches that have been successful 
for identifying genes for many conditions with 
monogenic, and even some with complex genetic 
causes. Second, male infertility is a heterogeneous 
condition that can result from aberrations of many 
different genes. This is due in part to strong selec- 
tion pressure against transmission of these 
genetic variants. As a result, candidate gene asso- 
ciation studies (or even genome-wide association 
studies [GWAS]) of cases (infertile) and control 
(fertile) men would not likely be successful 
because only a small proportion of the cases are 
expected to share the same genetic abnormality. 


Division of Urology, Department of Surgery, School of Medicine, University of Utah, 30 North 1900 East, 


Salt Lake City, UT 84132, USA 
E-mail address: jim.hotaling@gmail.com 


Urol Clin N Am 41 (2014) 1-17 
http://dx.doi.org/10.1016/j.ucl.2013.08.009 


0094-0143/14/$ — see front matter 0 2014 Elsevier Inc. All rights reserved. 


urologic.theclinics.com 


Hotaling 


This is shown by the relative paucity of specific ge- 
netic variants and genes that are robustly associ- 
ated with male infertility. ’~2° 

Our lack of success in explaining approximately 
50% to 70% of male infertility is nowhere more 
apparent than in our interactions with infertile 
men. These men want an answer to what caused 
their infertility. Currently, we cannot provide this in 
most instances. Furthermore, technological ad- 
vances such as intracytoplasmic sperm injection 
(ICSI) and microsurgical testicular sperm extraction 
(microTESE) allow us to bypass the problem and 
bring with them another set of questions from pa- 
tients that we cannot answer.?':22 When consid- 
ering ICSI, many patients want to know what are 
the chances they will pass on the genetic cause 
of their infertility to their offspring, as well as the 
potential for nonreproductive effects from these 
genes. These are questions that currently cannot 
completely answered completely. Although studies 
suggest that assisted reproductive technologies do 
not seem to result in a significantly higher rate of 
birth defects after risk factors such as maternal 
age are controlled for, the role of sperm quality in 
reproduction is just beginning to be unraveled.7° 

In 2012, Kong and colleagues** published a 
seminal paper in Nature showing that the de 
novo mutation rate for each generation is driven 
largely by paternal age with paternal sperm muta- 
tion rate doubling for every 16-year increase in 
paternal age. Increased paternal mutations from 
advancing age of fathers explained 30% of the in- 
crease in autism and schizophrenia over the time 
period of this study. The mechanism driving this 
is believed to be increased de novo mutations re- 
sulting from decreased fidelity of DNA replication 
in spermatogenesis with advancing paternal age. 
These mutations result in a higher mutation rate 
in sperm, which are then passed on to offspring 
and can manifest as diseases such as schizo- 
phrenia or autism. 

Studies such as that of Kong and colleagues~* 
and recent work by Wang and colleagues,2° which 
sequenced the entire genome of individual sperm, 
herald a paradigm shift in our ability to develop the 
next generation of genetic tools to understand and 
possibly treat the underlying cause of male infer- 
tility. Tools such as this provide the ability to inter- 
rogate the reproductive potential of individual 
sperm, unfortunately, at this time, this cannot be 
done without destroying them. However, this tech- 
nology holds incredible potential to determine the 
reproductive potential of an individual sperm. 

Voltaire said, “with great power comes great re- 
sponsibility.” In many ways, ICSI and microTESE 
have given us incredible power to treat male infer- 
tility. With this power, comes the ethical and moral 


responsibility to understand the genetic causes of 
male infertility for our patients and their offspring. 
Much of the potential of the Human Genome Proj- 
ect will be brought to bear on the genetic causes of 
male infertility. 

This article examines some basic concepts that 
are prerequisite to any examination of the genetic 
causes of male infertility and reviews who should 
be evaluated and the current tools for genetic eval- 
uation as well as their limitations. An overview of 
state of the art research in the field and what the 
landscape will look like in 2034 are presented. 


PHENOTYPE DEFINITIONS 


Studying the genetics of male infertility is complex 
because many of the tools of genetic analysis 
such as linkage mapping, family studies, and com- 
plex pedigree analysis are rendered useless by the 
nature of the condition. Furthermore, male infertility 
exists on a spectrum and is likely the result of the 
contribution of 100s if not 1000s of genes to a 
man’s overall reproductive potential.2 To study 
this or any other genetic condition, accurate pheno- 
typing is essential. To determine the precise ge- 
netic cause of male fertility, robust definitions that 
can clearly differentiate men into similar groups 
for analysis are essential. If this often overlooked 
but critical step cannot be completed, our efforts 
are doomed to failure. Although significant prog- 
ress is being made in genomic, proteomic, and me- 
tabolomics biomarkers of male infertility, the 
limiting factor in this work is lack of accurate pheno- 
typing of these men from a clinical and molecular 
standpoint (Table 1).2° Another key component of 
accurately phenotyping men is to define accurate 
inclusion and exclusion criteria to establish a uni- 
form cohort of men for analysis (Table 2). 
Previous investigators have focused on men 
with nonobstructive azoospermia (NOA) to identify 
a pure phenotype with a uniform condition.?:'*7° 
Although this approach is appealing in that NOA 
is certainly a reproducible end point and clearly 
defines a population of patients, it has not been 
successful in identifying genetic causal variants 
that explain large portions of male infertility.”~2° 
Much of this is believed to be due to racial and 
ethnic differences in genetic carrier frequencies 
and the 100s of genetic defects that can result in 
an NOA phenotype.° Given that most men do not 
realize their full reproductive potential, that birth 
outcomes are also dependent on female factors, 
and that semen analyses are notoriously variable, 
NOA provides an attractive phenotypic definition 
for male infertility.” The problem with using men 
with NOA as a phenotypic definition of male factor 
infertility is that significant numbers of men with 


Table 1 

Summary of possible demographic data and 
phenotypes useful for genetic analyses of male 
fertility 


Demographic data 

Age (y) 

Partner’s age (y) 

Race/ethnicity % Motility 

Body mass index Total motile count 
(kg/m?) 

Hormones % Progressive motility 

Follicular stimulating | Average velocity 
hormone (mIU/mL) 


Luteinizing hormone 
(mIU/mL) 


Semen analysis 
Volume (mL) 
Sperm count 


Mean amplitude 
of lateral head 
movement 

Total and free Linearity 
testosterone (ng/dL) 

Clinical 

Months of infertility 


Beat frequency 


Morphology 
(% normal) 


% Head defects 


Female factor present 
in partner 


Anatomic 


% Neck/midpiece 
defects 


Testis longitudinal % Cyoplasmic defects 
axis (cm) 
Nonsevere varicocele 


(grade | or Il) 


% Tail defects 


causal genetic variants that contribute to subfertil- 
ity or severe oligozoospermia through genetic 
pathways distinct from those that cause NOA 
may be missed. Furthermore, because NOA is 
only a small subgroup of men with male infertility, 
it is unclear if understanding the genetic causes 
of NOA will translate directly into deciphering other 
aspects of male infertility. 

Alternative phenotypic definitions for male infer- 
tility have their own problems and limitations as 
well. Specifically, using patient self-reports of their 
fertility is problematic and, if used, needs to be 
done in a validated and controlled manner; it will 
only work in specific populations where men 
realize their true genetic reproductive potential. 
Many couples now seek assisted reproductive 
technologies before attempting to conceive for 
12 months.'° Alternatively, investigators have 
relied on semen analyses to define groups of 
men with oligozoospermia, but variability in semen 
analyses mandates use of multiple semen sam- 
ples to define these groups of men.?”?9 Case- 
control definitions are also problematic because 
semen analyses parameters, such as total motile 
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Table 2 

Inclusion (A) and exclusion (B) criteria for 
clinical subjects in genetic studies of male 
infertility 


A. Inclusion Criteria 

Men aged 18-65 y in a committed relationship 
No previous paternity 

B. Exclusion Criteria 


Medical history Cryptorchidism/orchidopexy 

Severe testicular trauma or 
torsion 

Previous inguinal surgery 

Vasectomy 

Radical pelvic surgery 

Chemotherapy 

Pelvic external beam 
radiotherapy/ 
brachytherapy 

Cancer (other than 
nonmelanoma skin cancer) 

HIV/AIDS 

Mumps orchitis 

CF or CBAVD 

Spinal cord injury 

Hypogonadotropic 
hypogonadism 

Hyperprolactinemia 

Hyper or hypothyroidism 

Diabetes mellitus with 
HbA1C >10% 

Exogenous steroid use 


Grade III varicocele 

Severe phimosis 

Presence of testicular mass 

Buried penis due to morbid 
obesity 

AZF microdeletion 

Klinefelter syndrome 

Intersex disorder 

CFTR mutation 


Seminal hypovolemia 
(volume<1.5 mL) 


Kjaculatory dysfunction 


Hormonal 


Anatomic 


Genetic 


Semen analysis 


Sexual history 


Abbreviations: CBAVD, congenital bilateral absence of the 
vas deferens; CFTR, cystic fibrosis transnembrane conduc- 
tance regulator; HIV, human immunodeficiency virus. 


counts, are quantitative continuously distributed 
traits that show large intraindividual and interindi- 
vidual variation. Thus, dichotomizing total motile 
count would fail to detect an overall reduction in 
sperm count caused by a genetic factor, unless 
the cutoff point for the case definition was set 
very low.” Finding accurate controls for these 
studies has also proved to be problematic. 

One alternative to just relying on NOA or oligozoo- 
spermia on a semen analysis is to define more 
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robust clinical phenotypes that tie in other relevant 
pieces of clinical information such as the physical 
examination and hormone levels (Table 3). Male 
and female reproductive hormone levels are an 
integral part of an infertility evaluation and frequently 
change clinical management.°° For men, the level 
of follicular stimulating hormone (FSH) is often 
more predictive of spermatogenesis capacity 
than a semen analysis, assuming absence of 
azoospermia, and luteinizing hormone (LH) and 
testosterone (T) often identify treatable hypoandro- 
genism.°° Multiple studies have demonstrated that 
levels of FSH, LH, T, and anti-Mullerian hormone 
(AMH) in men have significant heritability 
(66% -90% ).°'°* Previous studies of twins have 
suggested that levels of these hormones are herita- 
ble,°'° but further genetic studies on these impor- 
tant biomarkers of reproductive health are lacking. 


GENETICS BACKGROUND 
Basic Genetics 


The central dogma of biology dictates that DNA 
makes RNA, which makes protein. Proteins form 
the building blocks of life. The basic building blocks 
of genes, the genetic code, consists of 4 deoxyribo- 
nucleotides (adenylic acid [A], guanylic acid [G], thy- 
midylic acid [T], and cytidylic acid [C]). Two strands 
of DNA are joined together to form a double helix 
with A binding to T and G binding to C. DNA consists 
of introns, sections of DNA that do not code for pro- 
teins and exons, and sections of DNA that code for 
proteins. Although only a small fraction of DNA co- 
des for proteins, recent insights from the ENCODE 
study have revealed that the intervening DNA is 
not random noise but serves to regulate the exons 
or coding segments.’ The DNA of each gene is 
transcribed to make mRNA. During translation, 
each 3-unit nucleotide codon is translated by the 
ribosome to make a specific amino acid. Se- 
quences of amino acids then make specific pro- 
teins, the functional end product of each gene. 
DNA is tightly packaged in the nucleus of cells. It 
is set in a background of histone proteins, stacked 
and compacted to form each of the 46 chromatids, 
which consist of a short (p) arm and a long (q) arm. 
One of the chromatids is of paternal origin and 1 is 
of maternal origin. These chromatids make up the 
diploid genome which consists of 22 pairs or auto- 
somes numbered from largest to smallest and 1 
pair of sex chromosomes (X/Y or XX) (Fig. 1).°* 
DNA is replicated in the process of mitosis and 
meiosis. Mitosis occurs in all cells and precisely 
replicates the DNA to produce 2 genetically iden- 
tical diploid daughter cells from each mother cell. 
Meiosis occurs only in germ cells and involves a 
process of recombination and reduction in 


chromosome number to a haploid spermatozoa 
or oocyte. Fusion of an oocyte and a spermatozoa 
result in restoration of the diploid number of 
chromatids. 


DNA mutations 

A mutation is an alteration in DNA that can be 
passed from parent to daughter cells. There is a 
critical distinction between somatic mutations 
and germline mutations. Somatic mutations are 
passed from mother to daughter cells, but not 
passed on to the next generation. The rate of de 
novo germline mutations is not insignificant and 
tends to increase as people age.**°° Both germ- 
line and somatic mutations may result in a change 
in the amino acid sequence of a protein or the 
length of genes (insertions or deletions). In this 
article, the discussion of genetic inheritance fo- 
cuses on germline genetic disorders and this 
model of inheritance. 


DNA polymorphisms 

Polymorphisms are alterations in the DNA found in 
at least 1% of the population. Generally speaking, 
DNA polymorphisms do not cause disease but 
may alter the risk or severity of disease.°° There 
are several types of polymorphisms. The most com- 
mon and most relevant for male infertility are single 
nucleotide polymorphisms (SNPs), which occur in 
up to 1 in 100 base pairs for some genes and typi- 
cally do not cause disease. SNPs are specific areas 
of DNA that vary between individuals in a popula- 
tion. An allele is a specific variant of DNA at a spe- 
cific location, whereas a genotype is the alleles an 
individual received from each parent at a given 
genomic position such as A/C. A haplotype is the 
alleles that were each received together from 1 
parent.° GWAS attempt to determine whether the 
genotypes of certain SNPs are associated with 
complex diseases. These studies generate massive 
amounts of data and are complex to interpret but 
are statistically relatively straightforward although 
computationally intensive; they rely on millions of t 
tests to examine the association of the genetic pre- 
dictor (SNP genotypes) with the outcome of interest. 
Examination of millions of SNPs in a given study 
often results in stringent criteria for genome-wide 
significance (P<1 [Eh 0) after correcting for multi- 
ple comparisons (Fig. 2).° GWAS, when properly 
performed, adequately powered and correctly inter- 
preted, may have the power to yield insight into 
complex diseases such as male infertility. 


Genetic Disorders 


Genetic disorders can be divided into single gene 
disorders or mendelian disorders, chromosomal 
disorders, and nonmendelian genetic disorders. 


Table 3 


Summary of male infertility phenotype components 


Male Infertility Metric 
Demographic 


Age (y) 
Race/ethnicity 


Body mass index (BMI) (kg/m?) 
Partner age (y) 
Hormones 


Follicular stimulating 
hormone (FSH) (mIU/mL) 


Luteinizing 
hormone (mIU/mL) 
Free testosterone (ng/dL) 


Total testosterone (ng/dL) 


Semen Analysis 
Volume (mL) 


Sperm count 
(millions of sperm) 


Total motile count (TMC) 
(millions of sperm) 


% Motility 


% Normal morphology by 
Kruger strict criteria 


% Head defects 


Anatomic 
Testis longitudinal axis 


Presence/side/grade of 
varicocele 


Ciinical* 
Months of infertility at 
time of evaluation 


Rationale for Measurement 


Semen quality decreases with age >25 y**:122-124 


Significant racial variability in male infertility prevalence, '**:'2° care 
seeking behavior, '*° and semen analysis profiles mandates 
adjustment by race1?” 


Increasing BMI is associated with declining semen quality'@® 
Increasing female age is associated with decreased fertility 


FSH correlates directly with spermatogenesis potential and is 
significantly less variable and more heritable than the parameters 
of a semen analysis?®32.129 


Indicates adequacy of Leydig cell function to maintain adequate 
testosterone levels for spermatogenesis'~° 


Adequate free testosterone is necessary to optimize human 
spermatogenesis and doesnot always correlate with total 
testosterone'%°15! 


Total testosterone <280 ng/dL has sensitivity of 91.0% and specificity 
of 73.7% for low free testosterone'** 


Seminal hypovolemia (<1.5 mL) indicates obstructive azoospermia or 
retrograde ejaculation, not spermatogenic failure~® 


Pregnancy rates decline with decreasing sperm counts!**:'2” 


Clinically, TMC is used to determine the severity of male factor 
infertility and to guide clinical treatment. Pregnancy rates are 
believed to decline linearly with reduced TMC <15 million?® 


Decreasesin motility can indicate genetic defectsin spermatogenesis 
that can result in populations of immotile soerm2® 


Previous work has found that genes associated with reduced 
reproductive potential are also associated with specific 
morphologic defects. 133134 Decreased % of normal forms may be 
associated with decreased fertility and is directly related to the 
quality of the germinal epithelium? 


Previous work has found that genes associated with reduced 


reproductive fitness are also associated with sperm head defects'** 


80% of testicular volume is composed of the seminiferous tubules, 
where spermatogenesis occurs. Thus, testicular size is directly 
proportional to reproductive fitness and does not have the 
variability seen in semen analyses~®: 129 


Varicoceles are associated with oligoasthenoteratospermia and are 
found in up to 50% of men presenting to infertility clinics. 
However, they are often an incidental finding and are typically not 
causative of severe defects in spermatogenesis. Thus, men with 
severe (grade IIl) varicoceles are excluded because the genetic 
factors causing varicoceles are unknown but are believed to differ 
from those causing defectsin spermatogenesis” 


Reproduction is an inefficient process, even in fertile couples, with 
chances of fertilization approaching 20% under ideal conditions. 
Severity of male factor infertility correlates linearly with length of 
time to natural conception without assisted reproductive 
technologies. '*° Infertility is defined clinically as the lack of 
pregnancy after 1 y of attempts at pregnancy?® 124.127 


(continued on next page) 
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Table 3 
(continued) 


Male Infertility Metric 


Months until natural See above 
conception 

Months until conception 
with intrauterine 


insemination 


All the examples mentioned briefly here are dis- 
cussed in detail in the following sections. Single 
gene or mendelian disorders are caused by a 
mutant allele or pair of alleles at a single genetic 
locus. These mutant alleles may either be inherited 
from parents or occur de novo in spermatozoa or 
oocytes. Regardless of where they come from, 
once present, all these mendelian disorders are 
passed on to offspring in 1 of several standard 
modes of inheritance. Autosomal dominant muta- 
tions are expressed with the inheritance of a single 
mutant allele, whereas autosomal recessive muta- 
tions require the disease-causing mutation to be 
present on both alleles of a gene. CF is a classic 
example of an autosomal recessive mutation.°” 
X-linked disorders cause disease in men (46,XY) 
with the mutation and in women who inherit 2 
copies of the X-linked mutation. Thus, these dis- 
eases affect men more than women. Kallman syn- 
drome is an example of an X-linked disorder. 
Chromosomal disorders are caused by the loss, 
gain, or abnormal arrangement of 1 or more of the 
46 chromosomes.' Although most chromosomal 


Double Helix B 


US Raters! Umom of We t-se 


Chromosomes 


Rationale for Measurement 


Chances of pregnancy with intrauterine insemination are roughly 
15%-20% per cycle.*° Because intrauterine insemination success 
usually requiresa TMC >5 million and is proportional to sperm 
function, this can be used asa surrogate for reproductive fitness 


disorders are de novo events that result from sig- 
nificant mutations in the parent germ cells, they 
often demonstrate a modified pattern of mendelian 
inheritance. These disorders can be classified as 
either numerical/structural or microscopic/submi- 
croscopic. There are 2 categories of numerical 
chromosomal abnormalities: (1) polyploidy, a 
chromosomal number that is a multiple of 23 in 
which there are extra copies of all chromosomes; 
(2) aneuploidy, a gain or loss of 1 or more chromo- 
somes. Aneuploidy is typically denoted as the 
number of extra or missing copies and the chro- 
mosome; for example, trisomy 21. Aneuploidy is 
significantly more common than polyploidy. Mosa- 
icism results when individuals have tissues con- 
sisting of a mixture of cell lineages with different 
chromosomal complements. A classic example 
of a numerical aneuploid chromosomal disorder 
where mosaicism is common is KS with a karyo- 
type of 47,XXY.38 

Microscopic or submicroscopic chromosomal 
disorders result from a loss, gain, or rearrange- 
ment of material within a chromosome or between 


Fig. 1. DNA structure. (A) DNA is arranged in a ladder twisting in the form of a double helix. The base pairs 
adenosine-thymine and guanine-cytosine form the rungs of the ladder. A sugar phosphate backbone forms 
the supports of the ladder or helix. (B) DNA strands are spooled and then condensed into fibersthat are further 
compacted by looping around histones to form a chromosome that consists of 2 chromatids joined by a centro- 
mere. Each chromatid hasa p arm (short) and aq arm (long). (C) The 22 autosomal chromosomes and the 1 sex 
chromosome can be laid out in a karyotype to determine if there are any grossly visible chromosomal abnormal- 
ities. (Courtesy of The National Human Genome Research Institute, National Institute of Health, Bethesda, MD.) 


GWAS 101: Definitions 


* Allele: A particular variant of DNA at a specific 
location 


* Genotype: One allele from each parent; this 
combination forms a genotype at a given 
genomic position: A/C 

* Haplotype: Alleles received together from one 
parent 


GWAS 101: Definitions 


* SNP Variation 


Single Nucleotide 

Polymorphism (SNP) 

— Markers 

— Variations between 
individuals (alleles) 
involve a single base 
change 

— Typically only two 
alleles (4 possible) 


Haplotype: A-G 
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GWAS 101: Definitions 


Haplotype: T-A 


Genotypes: A/T, A/G 


GWAS 101: 
What is a GWAS Study? 


2 Key concepts 

Effects we are looking for are usually relatively 
modest, associations between SNPs and causal 
variants show low odds ratios <1.5 

Setting alpha at 0.05 would yield 50,000 false 
positive signals for 1 million SNPs, Typical criteria for 
significance in GWAS (Bonferroni correction) is 
P<1x10* 


Fig. 2. GWASdescription. Alleles are variants of DNA at a specific location. The combination of alleles inherited 
from each parent form a genotype at a given genomic position. A haplotype denotes alleles that were all 
received together from 1 parent. The key concept here isthat most adult cells are diploid (2n) and have 2 copies 
of the DNA, 1 from each parent. Thus, when a specific location or allele is examined, an individual’s genotype is 
composed of the basepairs at each of their 2 copies of genetic material. SNPs are variations of alleles between 
individuals that involve a single base change. GWAS studies use SNPs as the predictors and disease states as 
the outcomes. Asthe effects being looked for are very modest and testsare repeated millionsof times, large sam- 


ple sizes are often required to reach statistical significance (P<1 Lil0 


chromosome. The key distinction between these 
and numerical chromosomal abnormalities is that 
only a piece of the chromosome is affected, not 
the entire chromosome. A common mechanism 
for these disorders is reconfiguration of blocks of 
DNA or low copy repeats, which are 10 to 400 kb 
long, have nearly identical sequences, and are 
dispersed throughout the chromosome account- 
ing for 5% of the human genome.**°°*° A classic 
example of this is deletions of part of the Y chro- 
mosome resulting in microdeletions leading to 
male infertility, the so-called azoospermia factor 
(AZF) disorders.*° 

Nonmendelian disorders account for most human 
disease. Study of these diseases is significantly 
more complex than for mendelian disorders.*' 
GWAS have been the mainstay used to investigate 
complex, polygenic, nonmendelian diseases (See 
Fig. 2).42 Other inheritance patterns exist such as 
expansion of trinucleotide repeats, mitochondrial 
inheritance, genomic imprinting, and uniparental 
disomy but these are beyond the scope of this 


article. Studying spermatogenesis is complex and 
requires understanding how 1000s of genes operate 
together and the development of new tools to 
examine complex nonmendelian traits such as 
GWAS. 


CURRENT GENETIC TOOLS 


Spermatogenesis involves the coordinated action 
of 1000s of genes.*°*° Although any number of 
these could make excellent targets for diagnostic 
tests of male factor infertility or subfertility, only a 
small handful of genetic variants have been clearly 
linked to spermatogenic failure in a robust and 
reproducible manner.*° 


Congenital Bilateral Absence of the Vas 
Deferens 


Congenital bilateral absence of the vas deferens 
(CBAVD) occurs in approximately 1% of infertile 
men and is diagnosed on physical examination, 
prompting subsequent genetic testing.** Men with 
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this condition present with obstructive azoo- 
spermia, absence of the vas deferens, and possibly 
absence of the distal part of the epididymis, hypo- 
plastic seminal vesicles, and consequent seminal 
hypovolemia (<1 mL) and an acidic ejaculate (pH 
6.5-7.0).4° CBAVD is found in all patients with clin- 
ical CF and CBAVD without other clinical manifesta- 
tions of CF is believed to result in people with 
mutations that confer at least some functional forms 
of the gene that causes CF when it is completely 
absent.*° 

CF affects 1:1600 people of northern European 
descent and genetic testing must account for 
ethnicity to identify the 850 or so genetic variants 
known to cause CF.*’*® Obstructive pulmonary 
disease caused by thickened epithelial secretions 
is the defining feature of clinical CF; pancreatic 
exocrine failure from the same mechanism is also 
common. ° Absence of the vas deferens occurs in 
all males with clinical CF.°° Clinical CF requires 
inheritance of maternal and paternal CF genes. 
The CF gene encodes the cystic fibrosis transmem- 
brane conductance regulator (CFTR), a protein 
crucial for the maintenance of viscosity through 
optimal sodium and chloride balance in epithelial 
secretions. If only 1 copy of an abnormal CFTR 
gene is present along with another normal copy, 
the patient is a carrier and pancreatic and respira- 
tory function are unaffected. The severity of the 
phenotypic picture of CF, from carrier to clinical 
CF, depends on the functionality of the copies of 
the CFTR genes that individuals inherit from their 
parents. The least severe form of CF is CBAVD, 
where the CFTR protein allows for adequate 
pancreatic and respiratory function but results in 
vasal agenesis.*° Although the vas, epididymis, 
and seminal vesicles are of mesonephric origin, 
they become atretic in the later stages of develop- 
ment, indicating that the mesopnephric ducts are 
embryologically normal and men with CBAVD 
have normal renal units. 

Although more than 1500 mutations can cause 
CF and CBAVD, a 3 base pair deletion, deltaF508, 
is the most common mutation found in northern 
Europeans with CF and CBAVD.°' deltaF508 is a 
severe mutation and the homozygous state results 
in clinical CF. In men with CBAVD, complete 
genome sequencing results in detection of 90% 
of abnormal CFTR alleles (the other 10% are pre- 
sumed but not detectable); 88% carry a severe mu- 
tation (absent CFTR function) in combination with 
an allelic mild mutation that preserves some 
CFTR function.°°°* The most frequent mutation 
detected is deltaF508 (24% ) and the second most 
common is IVS8-T5 (17%). T5 causes mild CFTR 
malfunction and is present in up to 5% of the 
general population. The most frequent genetic 


combination in patients with CBAVD was deltaF508 
in trans to IVS8-T5 (16.5% ). Most other CFTR muta- 
tions were at a frequency of 3% or less.°°:°° Unilat- 
eral absence of the vas deferens should also be 
evaluated with renal ultrasonography because 
many of these men have renal agenesis or ecto- 
pia.°* Another variant of this is congenital nonunion 
of the vas deferens with the epididymis, which is 
poorly understood and may lend itself to microsur- 
gical reconstruction in some instances. 

If no mutations in CFTR are discovered in the 
male, another possible cause of CBAVD is from 
abnormal differentiation of the mesonephric ducts 
before week 7 resulting in unilateral renal agenesis 
or ectopy and CBAVD. This scenario occurs in its 
severe form as Potter syndrome, is unrelated to 
CF, has an unknown genetic basis, and warrants 
renal ultrasonography in men with CBAVD to iden- 
tify this entity.°° 

Perhaps the most critical portion of an evaluation 
of CBAVD is workup of the female partner for CFTR 
mutations. According to the American Urological 
Association (AUA) Best Practice Policy Commit- 
tee’s Report from 2010 on the Evaluation of the 
Azoospermic Male, “Testing for cystic fibrosis 
transmembrane conductance regulator abnormal- 
ities should include at minimum a panel of common 
point mutations and the 5T allele. Gene sequencing 
may be considered in couples where the wife is a 
carrier and the husband with congenital bilateral 
absence of the vasa deferentia tests negative on 
a routine panel of cystic fibrosis transmembrane 
conductance regulator mutations.”°°  (https:// 
www.auanet.org/common/pdf/education/clinical- 
guidance/Male-Infertility-b.pdf). Referral to a ge- 
netic counselor is a critical component of this 
process. 

Men with CBAVD and CF should undergo genetic 
screening and are then candidates for microsurgical 
or percutaneous sperm aspiration procedures or 
testicular sperm extraction for use in conjunction 
with ICSI.’ Preimplantation genetic screening 
should be done if the patient’s partner harbors a 
CFTR mutation, resulting in a 25% chance of 
offspring inheriting abnormal alleles from both par- 
ents and developing clinical CF.°° The key points 
of the evaluation of a man presenting with CBAVD 
are summarized in Table 4. 


Karyotype Abnormalities 


Karyotype 

Numerical and structural chromosomal abnormal- 
ities are 8 to 10 times more prevalent in infertile 
men than in fertile controls (3% in oligospermia 
and 19% in NOA).°°:°°°' Obtaining a karyotype in 
infertile men is recommended after a careful 


Table 4 
Key points for evaluation of men with CBAVD 


Diagnosis 


Absence of vas 
deferens on 
examination? 


Critical point 


Ancillary points 


Seminal hypovolemia? 


Workup 


CFTR mutation testing 
for man and wife 


Consider gene sequencing 
if no mutations detected 
in man and wife isa 
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Treatment 


Sperm extraction and ICS 
with fresh/frozen sperm 

Preimplantation diagnosis 
for men with CBAVD 
where both husband 
and wife are carriers of 
severe CFTR mutations 
(eg, deltaF508) 

Referral to a genetic 
counselor, testing 
of siblings 


carrier 


Family history of CF? 


Renal ultrasonography for 
man if no detectable 


Cost considerations for 
patients 


mutations 


discussion of the risks and benefits and cost of ge- 
netic testing with the patient. A karyotype typically 
costs $400 to $900 and is rarely covered by insur- 
ance. The AUA guidelines recommend a karyotype 
in all men with NOA and a total motile count less 
than 5 million.°° 


47,XXY KS 
KS (47,XXY) is the most common chromosomal ab- 
normality with a prevalence of 1:600 in males and is 
the most common genetic cause of azoospermia. °° 
KS has a wide clinical spectrum but all males have 
atrophic testes (8-10 cm°) and marked increase in 
FSH and LH levels. In addition, approximately 
10% to 20% of men with KS are mosaic with cells 
demonstrating 47,XXY and 46,XY karyotypes or 
other mosaic compositions.°* Spermatogenesis is 
typically severely limited in all men with nonmosaic 
KS, and most have azoospermia. However, up to 
8.4% of men with nonmosaic KS do have sperm 
in their ejaculate. FSH is increased in response to 
abnormal spermatogenesis. Regardless of testos- 
terone levels, LH is typically increased as a result 
of maximal stimulation of Leydig cells that produce 
androgen inefficiently.°7 °° 

The presence of an additional X chromosome 
results in not only spermatogenic and androgenic 
failure but also gynecomastia, expressive lan- 
guage difficulties, higher mortality from breast 
cancer and non-Hodgkin lymphoma (standardized 
incident ratios of 57.8 and 3.5, respectively), a 
decreased risk of prostate cancer, and a higher 
incidence of extragonadal germ cell tumors 
mandating karyotyping in men presenting with 
these tumors.°°:°©° 

Men with KS can present in a myriad of ways. If 
they do not have adequate androgenic potential, 


they typically present to a pediatric endocrinolo- 
gist with delayed or absent virilization at the time 
of puberty. Others are referred in adolescence 
because of small testes and many are discovered 
only at the time of infertility evaluation.°' Men with 
KS typically have normal libido and erectile 
function.°° 

Research among fathers of offspring with KS has 
demonstrated that the frequency of XY sperm in- 
creases significantly with paternal age.°° Some 
have also argued that spermatogenic potential de- 
creases with advancing age in men with KS and 
many have raised concern about high rates of aneu- 
ploidy sperm among men with KS.’°-’2 Despite this 
concern, more than 100 births have been described 
in the literature with no aneuploid offspring.’°’” 
Part of the debate on this issue stems from the 
lack of consensus on the exact mechanism of 
47,XXY men producing 23, X or 23, Y sperm. Two hy- 
potheses have been proposed to explain this. Either 
the 47,XXY spermatogonia have the potential to 
complete meiosis resulting in both aneuploid and 
haploid sperm or the testicular environment hypoth- 
esis, whereby spermatozoa of men with 47,XXY KS 
arise from patches of 46,XY spermatogonial stem 
cells in the testis and increased aneuploidy rates 
are from an aberrant testicular environment.’® 

MicroTESE has been demonstrated to yield suc- 
cessful sperm retrieval in up to 69% of men with 
KS.’°:°° No characteristic or algorithm has been 
shown to successfully predict the presence of 
sperm in azoospermic men with KS. 


46,XX male syndrome 

46,XX testicular disorder of sex development 
(46,XX male syndrome) is found in 1:20,000 male 
births and is a rare genetic cause of infertility in 
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phenotypic males.®' The sex-determining region 
(SRY) is the key genetic component, normally 
residing on the Y chromosome, that results in 
testicular development, testosterone production, 
and a male phenotype.’ Ninety percent of these 
46,XX men have SRY, which normally resides on 
the distal portion of Yp, translocated to the X chro- 
mosome or an autosome.®? The small number of 
these 46,XX SRY-negative men are believed to 
have undefined genetic abnormalities permitting 
gonadal differentiation.®° 46,XX men are pheno- 
typic males but have smaller testes, decreased 
height, and are uniformly infertile because of the 
absence of other genetic factors found on the Y 
chromosome that are critical for normal spermato- 
genesis, such as the azoospermia factors (AZFa, 
AZFb, AZFc).** Thus, the karyotype is prognostic 
in these patients and the patient is not a candidate 
for microTESE or testis biopsy. 


Other karyotype abnormalities 

Infertile men can have other Y chromosome abnor- 
malities including mosaicism, ring Y, truncated Y, 
and isodicentric Y.°°-°’ Ring Y chromosomes are 
formed by loss of genetic material and circulariza- 
tion of the remaining Y chromosome. Patients with 
ring Y chromosomes should undergo AZF micro- 
deletion assays to determine if these regions are 
present.®” Referral to a genetic counselor is crucial 
in the evaluation of these patients. Robertsonian 
and reciprocal translocations are found more 
commonly in the oligospermic than the azoosper- 
mic population. The key features of kayotypic 
abnormalities are summarized in Table 5. 


Table 5 
Key points for karyotype analysis 


Diagnosis 
Klinefelter Syndrome 47,XXY 
Critical point Most common 
chromosomal 
abnormality (1:600) 
Ancillary points Wide clinical spectrum — 
10%-20% mosaic 
Increased risk of breast 
cancer, non-Hodgkin 
lymphoma 
46,XX Male Syndrome 
Critical point Rare (1;20,000), 
phenotypic men 


Workup 


Karyotype, FSH/LH, total 
testosterone, albumin, 
SHBG, estradiol 


Karyotype, FSH/LH, total 
testosterone, albumin, 


Y Chromosome Microdeletions 


Ninety-five percent of the Y chromosome is con- 
tained in the male-specific region of the Y chromo- 
some or MSY and contains unique genetic material 
for sex-specific embryogenesis such as the SRY. 
However, the Y chromosome does not recombine 
in the same manner as autosomal chromosomes; 
it does contain approximately 8 massive palin- 
dromic sequences that enable maintenance of the 
fidelity of the genetic material on the Y through in- 
trapalindrome homologous arm-to-arm recombi- 
nation.°°°° From an evolutionary standpoint, the 
Y chromosome is highly efficient, containing the 
entire male phenotypic developmental pathway in 
a minimum of DNA.°° However, unlike its auto- 
somal counterparts, it does not have the luxury of 
having 2 copies of critical genetic material and the 
loss of any of its material has reproductive conse- 
quences for men.°' 

Any deviation from the intrapalindromic arm-to- 
arm recombination can lead to ectopic homologous 
recombination.°* Errors occur when 2 spatially 
separated palindromic segments of the Y chromo- 
some are erroneously combined, deleting all the 
intervening genetic material. These losses are 
referred to as microdeletions because they are not 
visible on standard karyotype analysis. 

Loss of portions of the Y chromosome are de- 
tected in roughly 10% of men with NOA and 5% 
of men with severe oligospermia, but significant 
ethnic variations in these rates and the types of de- 
letions exist.4°°°°° Microdeletions are most com- 
mon on the long arm of chromosome Y, Yq, and 
deletions in this are related to spermatogenic 


Treatment 


MicroTESE if azoospermic 
Cryopreservation of sperm 
if severely oligospermic 


Donor sperm 


SHBG, estradiol 


Ancillary points Smaller testes, — 


decreased height 


Abbreviation: SHBG, sex hormone binding globulin. 


failure. The AZF region contains key genes for 
sperm development and has 3 subgroups: AZFa, 
AZFb, AZFc (Fig. 3). Multiple deletions in the 
AZFc areas are the most common, occurring in 
up to 10% of men with NOA and 1:4000 men over- 
all.°°-°8 AZF b/c microdeletions are those in which 
the recombination boundaries encompass both 
the AZFb and AZFc regions.°? Nearly all AZF mi- 
crodeletions occur de novo but, once present, 
they are passed on to all male offspring of an ef- 
fected man making genetic counseling critical.°° 

All the AZF microdeletions have no phenotypic or 
health consequences other than their effect on 
spermatogenesis. The AZFa, AZFb and AZFb/c mi- 
crodeletions remove critical genes for spermato- 
genesis and men with these microdeletions do not 
have sperm. However, with the AZFc microdeletion, 
sperm is found in 70% of men on microTESE.* A Y 
chromosome microdeletion assay is readily avail- 
able as a blood test that can detect AZF microdele- 
tions and should be obtained in all men with NOA or 
severe oligospermia (total motile count less than 5 
million) before any attempts at sperm retrieval. 

The 2 main genes critical for spermatogenesis 
and located in AZFa are USP9Y and DBY or 
DDX3Y. Deletion of both these genes results in Ser- 
toli cell only syndrome and complete absence of 
sperm on microTESE.°°:'°° Deletions in the AZFb 
region causes arrest of spermatogenesis at the 
primary spermatocyte stage.'°' The main genes 
in this region are RBMY1, which codes for a 
testis-specific splicing factor, and PRY, which is 
involved in apoptosis. 102.103 

AZFc microdeletions are not as easily character- 
ized as they range from smaller subdeletions to 
intrachromosomal recombinations and even com- 
plete deletions. 104 Although spermatogenesis can 
still occur in the presence of an AZFc microdele- 
tion, it is markedly reduced and these patients 
are typically azoospermic. Study of AZFc microde- 
letions is further complicated by significant ethnic 
variability depending on the genetic makeup of 
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the haplogroups examined. One of the most 
frequent subdeletions of the AZFc region is the 
gr/gr subdeletion, which removes half the AZFc 
content, but ethnic variability among haplotypes 
has made the study of this subdeletion diffi- 
cult.1°°1°° Like the other AZF regions, AZFc also 
contains genes involved in spermatogenesis, 
DAZ. The DAZ genes are expressed in all stages 
of spermatogenic development. 107:108 

A blood-based assay of the AZF microdeletions 
can yield critical prognostic information before at- 
tempted sperm retrieval, as only men with AZFc 
have the potential for a successful outcome. 100 
Table 6 provides a summary of the key points for 
AZF microdeletions. 

Other genes on the Y chromosome that are 
believed to play a role in spermatogenesis are 
CDY, which regulates DNA transcription through 
acetylation of histones, and TSPY, regulates the 
timing of spermatogenesis by signaling spermato- 
gonia to enter meiosis. '°' Although the exact roles 
of these genes in male infertility remain undefined, 
a study of copy number variants or copies of the 
TSPY gene found that infertile patients had more 
copies of the TSPY.'°° 


Hormone Levels and Epigenetics 


Hormone levels 

Male and reproductive hormone levels are an inte- 
gral part of an infertility evaluation and frequently 
change clinical management.°° Multiple studies 
have demonstrated that levels of FSH, LH, T, 
and AMH in men have significant heritability 
(56% -90% ), but further genetic studies on these 
important biomarkers of reproductive health are 
lacking.°'°? The sex hormone-binding globulin 
(SHBG) gene, located on chromosome 17, has 
been identified as having a possible role in sper- 
matogenesis with shorter SHBG alleles being asso- 
ciated with higher sperm concentrations, but this 
study has not been replicated.* Likewise, studies 


Fig. 3. AZF regions of the Y chromo- 
some. Presence of the AZFa, AZFb 
and AZFc regions on the long arm of 
the Y chromosome with genes rele- 
vant to spermatogenesis highlighted 
above. The numerous palindromic 
sequences within the Y chromosome 
may combine in a myriad of ways and 
AZFa, AZFb, and AZFc are simply 
groups of these aberrant recombina- 
tions that remove specific genes 
TSY is a gene on the short arm of 
chromosome Y that isinvolved in sper- 


matogenesisbut isnot part of the genesin the AZF regions. (From O’Flynn O’Brien KL, Varghese AC, Agarwal A. The 
genetic causes of male factor infertility: a review. Fertil Steril 2010;93:3; with permission.) 
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Table 6 
Key points for AZF microdeletions 


Basics 


Rare RBMY1 PRY 


10% of men with NOA, DAZ 
1:4000 overall 


of FSH receptor polymorphisms, androgen receptor 
gene CAG repeats, and estrogen-related genes 
have not yet translated into clinical assays that can 
assess the complex interplay between the male 
endocrine axis and spermatogenesis.''°-''? Re- 
gardless, refined phenotyping of cohorts of infertile 
men as well as larger-scale studies will hopefully 
allow some of these polymorphisms to be linked 
with clinical outcomes of infertile men. 


Epigenetics 

Epigenetics is defined as alterations of the genetic 
code that do not alter the basic DNA sequence. 
An example would be imprinting, the addition of a 
methyl group to DNA, which changes the regulation 
of transcription and, consequently, gene expres- 
sion.''* Seminal work by Hammoud and 
colleagues, ''° published in Nature in 2009, demon- 
strated that developmental promoters are exten- 
sively hypomethylated in sperm and acquire 
methylation during differentiation. Thus, epigenetics 
plays a critical role in enabling sperm to facilitate 
early embryogenesis. Subsequent work by this 
group has associated spermatic DNA methylation 
changes in imprinted genes with male factor infer- 
tility.""°'"” Although the exact causal relationship 
of this association has not been fully elucidated, 
and conflicting results on the exact role of methyl- 
ation remain in the literature, further investigation 
of this area holds significant promise for unraveling 
the genetic underpinnings of male infertility. 


GENETICS OF MALE INFERTILITY IN 2034 


The state of research in male infertility in 2013 can be 
summarized succinctly by noting that the number of 
potential targets identified by GWAS, microarray 
studies, proteomics, metabolomics, genomics, 
and large cohort and case-control studies have 
failed to translate into any new tangible clinical as- 
says that can classify, prognosticate, or treat male 
infertility.2°''® As previously discussed, much of 
this is due to the inability to use the tools of classic 
genetics, such as pedigree studies, to examine 
male infertility, and the heterogeneous nature of 


Genes Affected 
Rare USP9Y DBY or DDX3Y 


Prognosis 

All will have Sertoli cell only on testis 
biopsy, no sperm 

All will have maturational arrest, no 
sperm 

70% chance of sperm on micro TES, 
rarely sperm in ejaculate 


the condition. This situation is further complicated 
by the lack of reliable animal models for spermato- 
genesis, inability to grow these cells reliably in cul- 
ture, and incomplete phenotyping of most cohorts 
of infertile men.* Currently, most cases of male infer- 
tility are treated medically or surgically; bypassing 
the genetic problem, rather then identifying and 
treating the underlying issue. Although there have 
been tremendous research efforts in this area, the 
results have not yet translated into clinical practice. 

Several key developments will shape the diag- 
nostic and potentially therapeutic genetics of 
male infertility in 2034. First, as the costs of genetic 
tests continue to decrease exponentially, whole- 
genome sequencing, which is currently $3000 to 
$10,000 per sample, will decrease to a price 
whereby it can be routinely used in clinical prac- 
tice. For point of comparison, the first human 
genome sequenced cost $2.7 billion and took 
13 years to complete (http://www.genome.gov). 
Second, the limiting factor in most genetic analyses 
is no longer the cost but the technical knowledge, 
computational power and biological training neces- 
sary to interpret the massive amount of data gener- 
ated. Following Moore’s law, as the price of 
computers continues to decrease and their compu- 
tational power increases, this bottleneck will 
continue to be less of a limiting factor. Application 
of machine learning to genetic data is being 
embraced by startup companies such as Ayasdi 
(www.ayasdi.com) and veteran computer com- 
panies such as IBM (http://www-03.ibm.com/ 
innovation/us/watson/). Machine learning promises 
to yield new insights into genetic data. Third, recent 
work by groups such as ENCODE have started to 
demonstrate that most noncoding DNA is not junk 
but serves to orchestrate a complex interplay of 
transcription factors that regulate transcrip- 
tion.''°-'2" The type of work published by the 
ENCODE team is at the heart of the epigenetic 
changes that have recently been shown to be 
crucial for the role of the sperm in early embryogen- 
esis. Fourth, the male infertility community is begin- 
ning to lay the groundwork to build andrologic 
equivalents of SEER (Surveillance, Epidemiology 


and End Results), the large cancer database that 
can be linked to robust tissue specimen, pheno- 
type, and genotype information for research. 

By 2034, the decreased cost of genetic testing, 
improved computational infrastructure, better un- 
derstanding of transcriptional regulation, and large 
databases will allow for several diagnostic and 
potentially therapeutic genetic modalities related 
to infertility. By studying large populations of men 
who are fertile, infertile, and subfertile, genetic 
markers can be identified that are markers of fertility 
and harbingers of infertility. A semen analysis will 
remain a key component of a male fertility evalua- 
tion but a blood test performed in tandem with the 
semen analysis will be able to quickly scan the 
1000 key genes involved in spermatogenesis and 
the male endocrine axis and identify a man’s repro- 
ductive potential by providing him with an assess- 
ment of his innate genetic reproductive potential. 
Should a man be azoospermic, this assay would 
also provide information about the chances of 
finding sperm on testis biopsy or microTESE. 

Ideally, this evaluation will return a man’s chance 
of conception per month with his partner based on 
a similar assay of some of the key genes involved in 
female reproduction. These tests will also identify 
groups of men who will and will not respond to 
medical endocrine treatments and their ideal 
dosing through pharmacogenomics. Although it is 
possible that some of the identified genes may ul- 
timately be targets for gene therapy, it is unlikely 
that this treatment modality will be widespread in 
2034 because of the complexity of delivery of these 
agents and the necessity of determining the poten- 
tial reproductive consequences of their use. 


SUM MARY 


Statistical genetics holds incredible promise in the 
study of male infertility. Although significant strides 
have been made in understanding the genetics of 
male infertility, most of it remains unknown. 
Currently, our ability to treat male infertility has 
far outstripped our capability to understand its 
root causes. In the future, the benefits of the 
ongoing revolutions in genetic sequencing and 
the processing of this information will likely be real- 
ized so that patients can be provided with answers 
about the nature of their condition as opposed to 
just performing surgery to treat it. 
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KEY POINTS 


[EA comprehensive history and physical examination remains an essential component of the infertility 
evaluation. 

[ENo single semen analysis parameter is a powerful discriminator of fertility and semen analysis 
reference ranges are not the minimum values required for conception. 

[Endocrine testing is recommended in men with oligospermia, azoospermia, or history and physical 
examination findings suggestive of hormonal abnormalities. 

[EA karyotype and Y-chromosome microdeletion assay are indicated in men with a sperm concentra- 
tion less than or equal to 5 million/mL, nonobstructive azoospermia, or clinical suggestions of an 
abnormality. 

[DNA fragmentation and fluorescent in situ hybridization testing are replacing some of the previously 
used evaluations of sperm function (eg, postcoital test, sperm penetration assay). 


INTRODUCTION men evaluated were found to have male-factor 
infertility. Although the use of assisted repro- 
ductive technology (ART) has steadily increased 
and currently contributes to 1.4% of all births in 
the United States,* the number of male repro- 
ductive procedures performed is on the decline.” 
Men from infertile couples often do not seek evalu- 
ation.® Additionally, couples in which the man has 
significant semen abnormalities are often immedi- 
ately directed toward in vitro fertilization (IVF) 
or other forms of ART, effectively bypassing the 
male evaluation completely. This trend is quite con- 
cerning given numerous recent studies closely 
linking male fertility with overall male health, 
cardiovascular fitness, and the development of 


There is nothing more important to life than repro- 
duction. Infertility is not only a challenging and 
stressful condition for patients and physicians but 
is also major public health concern that results in 
rippling psychosocial effects. It is estimated that 
approximately 7.3 million couples seek infertility 
care annually in the United States.’ Infertility is 
due a male factor alone in approximately 30% of 
these couples, while combined male and female 
factors comprise an additional 20%.” In a study 
from the US Center for Disease Control, 7.5% of 
all sexually experienced men reported seeing a 
physician for a fertility evaluation, and 18.1% of 
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cancer. Moreover, treatable causes of infertility or 
other medical problems are often discovered dur- 
ing the male evaluation. 

There have been dramatic advances in the 
diagnosis and treatment of male infertility during 
the past several decades. Since 1992 with the 
introduction of intracytoplasmic sperm injection 
(ICSI), which allows for conception with only a 
single sperm, there has been rapid growth in the 
understanding of the genetic basis for male infer- 
tility. Examples include the elucidation of the 
relationship between cystic fibrosis mutations 
and congenital bilateral absence of the vas defer- 
ens (CBAVD), as well as the identification of 
Y-chromosome microdeletions. Similarly, micro- 
surgical techniques for sperm retrieval and recon- 
struction have resulted in continued success. 
Considering the latest advances in the evaluation 
of the subfertile man, the goal of this article is to 
describe the essential components of the history, 
physical examination, and laboratory and radio- 
graphic studies in the initial office evaluation, and 
offer our vision of the future in male-infertility 
evaluation. 


THE HISTORY AND PHYSICAL EXAMINATION 
History 


Couples with normal fertility may be counseled 
that pregnancy rates by intercourse are approxi- 
mately 20% to 25% per month, 75% by 6 months, 
and 90% by 1 year.’ Ten percent of fertile couples 
take longer than 1 year to conceive naturally. The 
accepted definition of infertility by the American 
Society for Reproductive Medicine is the inability 
to conceive naturally within 12 months. Despite 
this definition, a basic fertility workup should be 
initiated for any couple desiring one, with concur- 
rent assessment of each partner. It is becoming 
more common that couples delay parenthood until 
after career development, or they may have ques- 
tions or anxiety about their fertility status before at- 
tempts to conceive. For these reasons, a simple, 
cost-effective evaluation should be available for 
attempts at natural conception. This allows for 
earlier diagnosis and treatment of potential prob- 
lems as well as alleviation of anxiety, which itself 
may be therapeutic. 

A thorough, careful, and methodical history is 
necessary for successful diagnosis and treatment 
of male infertility because of the broad potential 
causes, including genetic, congenital, medical, 
surgical, environmental, and even psychosocial 
sources. The key components of the history 
and physical examination in the male-infertility 
workup are summarized in Table 1. The most 
efficient interview is with the couple. Because 


spermatogenesis lasts, on average, 64 days,° 
careful attention to the patient’s history over the 
previous 2 to 3 months, especially recent fevers, 
other illnesses, substance abuse, and gonadotoxin 
exposures. Evaluation should be repeated in 
3 months, if necessary. The history should begin 
with discussion of the duration of the couple’s 
infertility, previous fertility treatments, previous 
pregnancies, and a detailed reproductive and sex- 
ual history, followed by a thorough past general 
medical and surgical history, social history, family 
history, and review of systems.° 

The reproductive and sexual history may begin 
with a survey of the couple’s sexual behavior. 
Infertility attributable to sexual behavior may be 
present in up to 5% of couples.'°'' One of the 
most commonly reported misconceptions is the 
frequency and timing of intercourse around ovula- 
tion.'*'5 The authors recommend that intercourse 
should be performed every other day beginning 
5 days before expected ovulation until 5 days 
after. An inquiry into the use of lubricants, which 
may be spermatotoxic or impair motility, is also 
advised.° 

The history should additionally elicit information 
on past medical and surgical history stemming all 
the way to childhood. Report of genitourinary ano- 
malies, reconstructive surgery, or pediatric illness 
associated with prolonged fevers or hospitaliza- 
tion may prove relevant. A history of pubertal 
mumps orchitis can result in subfertility in 13% of 
men.‘ In utero or childhood exposure to chemo- 
therapy, radiation, or hormones may result in de- 
fects in spermatogenesis.°:'° 

Cryptorchidism can have negative implications 
for fertility even with appropriate timing of surgical 
correction. Despite treatment, 13% and 34% of 
men with unilateral and bilateral cryptorchidism, 
respectively, will demonstrate azoospermia. If left 
untreated, these rates are much higher. '° Surgery 
for testicular torsion or pediatric hernia repair can 
similarly affect future paternity. Childhood hernia 
repairs have been associated with a 26.7% inci- 
dence of vasal obstruction. '” 

Clinicians should also inquire into common dis- 
eases of adulthood, including diabetes mellitus, 
sleep apnea, infectious diseases (eg, HIV, gonor- 
rhea, chlamydia), neurologic disorders, and tra- 
uma. These illnesses may have implications for 
fertility and affect emission, ejaculation, or poten- 
tially result in obstruction of the male reproductive 
system.’ 

Pharmacologic or environmental exposures 
should similarly be addressed. Environmental 
toxins may include synthetic estrogens associated 
with pesticide use, organic solvents in paints or 
inks, ionizing radiation in nuclear power plant 


Table 1 


The Office Visit 


Key components of the history and physical examination 


Reproductive History 
Past and current attempts at pregnancy 
Methods of birth control 
Sexual technique 
Timing of intercourse (ovulatory prediction) 
Use of lubricants 
Menstrual history 
Prior female evaluation 
Sexual History 
Erectile dysfunction 
Hypogonadal symptoms 
Sexually transmitted infections 
Ejaculatory dysfunction 
Childhood Conditions 
Cryptorchidism 
Hypospadias 
Congenital anomalies 
Age at puberty 
Systemic Illnesses 
Fevers or recent illness 
Diabetes 
Spinal cord injury 
Infectious or inflammatory (eg, epididymitis) 
Cancer Treatment 
Chemotherapy 
Radiation 


Surgical History 
Hernia repair or other inguinal surgery 
Scrotal trauma 
Testicular torsion 
Retroperitoneal, pelvic, prostatic or bladder 
Orchiopexy 
TURP 

Family History 
Infertility 
Genetic disorders (eg, cystic fibrosis) 
Consanguinity 


plants, and heavy metals in manufacturing.° These 
agents may result in disruption of hormonal regu- 
lation or have direct toxic effects on spermato- 
genesis. Prescription and recreational drugs can 
also impair sperm production and function. To- 
bacco and nicotine exposure can impair sperm 
concentration, motility, and morphology, and in- 
crease DNA fragmentation rates. Caffeine, 
alcohol, and marijuana similarly have gonadotoxic 
effects, whereas narcotics are known to affect 
gonadotropin secretion, which results in lower 
serum testosterone. '°*' Exposure to exogenous 
anabolic steroids can cause suppression of serum 
gonadotropins and intratesticular testosterone. 
This effect ultimately will result in impaired sper- 
matogenesis. Cessation of steroid use can result 


Medication and Drug Use 


Testosterone, anabolic steroids 

Recreational drugs (eg, marijuana, narcotics) 
Alcohol and tobacco 

Antibiotics 

Immunosuppressants 


Occupational and Lifestyle Exposures 


Chronic heat (eg, laptops) 
Benzene-based solvents 
Pesticides and herbicides 
Heavy metals 


Review of Systems 


Respiratory and sinus infections 
Anosmia 

Galactorrhea 

Visual field deficits 


Physical Examination (general) 


Body habitus (eg, obesity, Klinefelter) 
Gynecomastia 
Secondary sexual characteristics 


Physical Examination (genitalia) 


Penis: hypospadias, chordee, venereal lesions 
Testis: size, consistency, contours, masses 
Epididymis: induration, cysts or spermatoceles 
Vas deferens: agenesis, atresia, granuloma 
Spermatic cord: asymmetry, varicocele 

Rectal examination: cyst, dilated seminal vesicles 
Inguinal examination: surgical scars 


in a reversal of spermatogenic arrest; however, re- 
covery can take up to 2 years, if it occurs at all.°:22 

Recovery of spermatogenesis can similarly be 
unpredictable in patients exposed to the effects 
of chemotherapy and radiation. In patients with a 
history of malignancy, clinicians should inquire 
about the chemotherapeutic agents used, dura- 
tion of treatment, dose, number of cycles, and 
sperm banking. Likewise, patients treated with 
radiation should be queried about dose, duration, 
and any efforts toward gonadal shielding. In 
men presenting with infertility, testis cancer 
and Hodgkin lymphoma are the two most 
common malignancies encountered. Both have 
excellent survival rates; however, each is associ- 
ated with impairment of spermatogenesis.” 
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Chemotherapeutic agents and radiation will pose 
additional detriment to this baseline impairment. 

In addition, patients with testicular cancer may 
have required a retroperitoneal lymph node dissec- 
tion, which can result in sympathetic chain injury 
and retrograde ejaculation or anejaculation. This 
necessitates inquiry into past surgical history, 
which is warranted in all patients presenting for 
infertility. Similar to childhood hernia repairs, vasal 
occlusion rates in adult patients undergoing 
surgery with mesh approach 20% .** 

Solicitation of history from the female partner is 
additionally required. It should include age, history 
of pelvic surgery or infections, known uterine or 
tubal abnormalities, exposure to gonadotoxins, 
and a history of endometriosis or ovulatory irregu- 
larity. Additional relevant history should include 
pregnancies and complications, infertility with 
another partner, cycle length and characteristics, 
coital frequency, sexual dysfunction, pelvic infec- 
tions or surgery, use of prescription or recreational 
drugs, pelvic pain, thyroid dysfunction, dyspareu- 
nia, and hirsutism.7° 


Physical Examination 


As with the initial history, the physical examination 
can reveal information critical to the infertility eval- 
uation. External appearance, such as body habitus, 
can be an indicator of underlying endocrine or 
genetic abnormalities. In addition, impaired matu- 
ration, gynecoid distribution of pubic hair, and gy- 
necomastia may reveal androgen deficiency.’ 
Similarly, location of the urethral meatus should 
be assessed as hypospadias can result in improper 
placement of semen within the vaginal vault and, 
when accompanied with other congenital defects, 
may represent an underlying chromosomal 
abnormality.7° 

Examination of the inguinal and scrotal regions 
should include assessment for scars, testis size 
and consistency, varicocele, and presence of the 
vas deferens and epididymides. Average testicular 
size, which should be measured via orchidometer 
or calipers, is 4.6 cm in length, 2.6 cm in width, 
and 18 to 20 cm? in volume. Diminishment of 
testicular size may be an indication of impaired 
spermatogenesis or androgen deficiency. Palpa- 
tion of both vasa can help rule out CBAVD, and 
consistency of the epididymes can be assessed 
for the presence of induration, epididymal cyst, 
or spermatocele, which may indicate obstruction. 

Examination of the spermatic cord should 
include palpation for varicocele with the patient 
in a standing position performing a Valsalva 
maneuver. Varicoceles represent the most com- 
mon anatomic abnormality identified in infertile 


men.2’ Digital rectal examination allows for the 
evaluation of the prostate, midline cysts, and the 
presence of enlarged seminal vesicles. Transrectal 
ultrasound (TRUS) is required in men with a signif- 
icant finding on digital rectal examination.° 


INITIAL LABORATORY ASSESSM ENT 
The Semen Analysis 


The cornerstone of the initial laboratory assess- 
ment of the infertile man is the semen analysis. 
Given the inherent intraindividual variability in 
semen analysis results, a minimum of two 
analyses is recommended. Patients should be 
given specific instructions regarding collection, 
including an ideal abstinence period of 2 to 
3 days. A shorter abstinence period may affect 
concentration, whereas a prolonged abstinence 
may affect motility. Collection should be done via 
masturbation or with special seminal collection 
condoms lacking spermicidal agents. Transpor- 
tation of the specimen should be at body temper- 
ature with arrival at the laboratory within 1 hour of 
collection.?:7® 

The semen is analyzed regarding its physical 
characteristics, such as pH and viscosity, as well 
as the volume, sperm concentration, motility, and 
forward progression, strict morphology, and the 
presence of round cells. Other investigative para- 
meters may vary by laboratory. The most 
commonly used reference ranges are those of 
the World Health Organization (WHO) with the 
most recent iteration from 2010 (Table 2).7° There 
are many additional specialized tests of sperm 
form and function; however, the traditional semen 
analysis remains the core of the evaluation. The 
remaining tests help to narrow the differential diag- 
nosis and direct treatment. 


The Endocrine Evaluation 


Endocrine causes of male infertility are present in 
less than 3% of cases.°° An endocrine evaluation 
is indicated in men with oligospermia, azoo- 
spermia, or history or physical examination find- 
ings suggestive of hormonal abnormalities. 
Information obtained from the history may include 
complaints of sexual dysfunction, delayed pu- 
berty, or diminished libido, and the physical 
examination may reveal findings of decreased 
androgenization such as gynecomastia. In 
contrast, men with a normal semen analysis do 
not routinely require assessment of gonadotro- 
pins.°° Most endocrinopathies are found in men 
with sperm concentrations of less than 10 million 
sperm per mL. The initial hormone assessment 
should include a serum follicle-stimulating hor- 
mone (FSH) and testosterone.°°°' Morning 


Table 2 
2010 WHO references for semen analyses 


Lower Reference 
Parameter Limit 


Volume (mL) 1.5 
pH [it .2 


Sperm concentration 15 
(10° per mL) 

Total sperm number 39 
(108 per mL) 

Total motility 

Progressive motility 

Strict morphology 
(normal forms, %) 


determinations of testosterone are preferred given 
its well-described diurnal variation. A more 
comprehensive evaluation includes luteinizing hor- 
mone (LH), prolactin, estradiol, free testosterone, 
and sex hormone binding globulin, which should 
be obtained when abnormalities are present on 
the initial evaluation. With assessment of testos- 
terone, FSH, and LH, differentiation between 
hypergonadotropic hypogonadism (primary testic- 
ular failure), hypogonadotropic hypogonadism, 
androgen resistance, and hyperprolactinemia is 
possible. Of note, men with profound hypogonad- 
ism (testosterone <150 ng/dL) or hyperprolactine- 
mia require a pituitary MRI to evaluate for pituitary 
adenoma.° For further discussion of the endo- 
crine evaluation, see an article by Hotaling and 
colleagues, elsewhere in this issue. 


IMAGING IN THE MALE INFERTILITY OFFICE 
EVALUATION 


Ultrasound is the most common imaging modality 
used in the evaluation of male infertility. Scrotal 
color Doppler ultrasound may be used to confirm 
a suspicious diagnosis of a varicocele. Although 
a Clinically significant varicocele is typically diag- 
nosed and graded by physical examination alone, 
the ancillary use of ultrasound may be required in 
patients in whom the physical examination is 
limited. This may include cases of obesity, tight 
or small scrotums, previous surgery, altered anat- 
omy, or inability to tolerate the examination.°*** 
Reversal of blood flow with a Valsalva maneuver 
and the presence of spermatic veins greater than 
3 mm are accepted ultrasound criteria for the diag- 
nosis of varicocele.*° Ultrasonography may also 
identify additional pathologic conditions affecting 
fertility, including testicular tumors, spermato- 
celes, seminal vesicle atresia, ejaculatory cysts, 
and renal disorders associated with CBAVD. 
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In men with CBAVD, TRUS may reveal 
absence of the ampullae of the vas deferens or 
seminal vesicle abnormalities.°° TRUS is also 
frequently used in patients with low-volume azoo- 
spermia, severe unexplained oligoasthenosper- 
mia, palpable abnormalities on digital rectal 
examination, and when ejaculatory duct obstruc- 
tion (EDO) is suspected. EDO can be the result 
of infection or inflammation leading to stenosis, 
compression from median cysts, or atonic or 
enlarged seminal vesicles such as those in pa- 
tients with diabetes and adult polycystic kidney 
disease, respectively.° Visualization of seminal 
vesicles greater than 1.5 cm in anteroposterior 
diameter is considered suggestive of EDO, and 
seminal vesicle aspiration may be performed 
concurrently to confirm the diagnosis.°”°° 

Other imaging modalities, including MRI, are 
used selectively in the evaluation of male infertility. 
MRI may prove valuable in patients with renal, 
seminal vesicle, vasal, urethral, or other pelvic ab- 
normalities not fully visualized with ultrasound. 
MRI is more commonly used in the workup of pro- 
found hypogonadism (testosterone <150 ng/dL) 
and hyperprolactinemia to rule out pituitary 
adenoma. 


INTERPRETATION OF THE INITIAL 
EVALUATION 


Following completion of a thorough history, phys- 
ical examination, initial semen analysis, and an 
endocrine evaluation, if required, a diagnostic 
differential can typically be established. Further 
testing allows for refinement of the diagnosis and 
delineation of treatment options. Much of the 
infertility evaluation can be organized into a sys- 
tematic approach that lends itself to diagnostic 
and treatment algorithms. Semen analysis results 
can be characterized by defects in individual pa- 
rameters, including seminal volume, concentra- 
tion, motility, and morphology, or those involving 
multiple abnormalities. Despite the formation of 
clinical reference ranges for semen analysis find- 
ings,° no single parameter is a powerful discrimi- 
nator of fertility.°° Normal reference ranges are not 
equivalent to the minimum values required for 
conception nor do they reflect the normal refer- 
ence values for sperm concentration in the general 
population. Men with values outside the normal 
ranges may be fertile and those within reference 
ranges may be infertile. °* 


Normal Semen Parameters 


Of men presenting for an initial infertility evalua- 
tion, 30% will demonstrate normal semen param- 
eters.2°*° One may consider further testing in 
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these men because some will show functional de- 
fects, which can impair fertilization. Additional as- 
sessments may include reactive oxygen species 
(ROS) or DNA fragmentation. Further tests, which 
are less commonly used in the modern era of 
ART, include antisperm antibodies (ASAs), the 
postcoital test, sperm penetration assay, hemi- 
zona assay, and acrosome reaction testing that 
may be used in very select cases. These assays 
have fallen out of favor because ICSI is routinely 
used during IVF for couples with male-factor infer- 
tility; therefore, the potential clinical benefit has 
diminished. For further detail on functional assays, 
see an article by Centola, elsewhere in this issue. 
The shifting paradigms in testing for male infertility 
are further delineated in Table 3. 

If functional defects are identified, the possibility 
for treatable causes must be reexamined. If defi- 
ciencies are identified that are not treatable, these 
couples should be counseled regarding IVF with 
ICSI. In those men without functional sperm 
defects, a contributing female factor should be 
ruled out and intrauterine insemination (IUI) or IVF 
may be considered. All men presenting with 
normal semen parameters should be counseled 
regarding coital timing and lifestyle changes, 
such as discouragement of certain lubricants, hot 
tubs, hot baths, and saunas. 


DEFECTS IN ISOLATED SEMEN PARAMETERS 
Seminal Volume Abnormalities 


The lower limit of adequacy for semen volume, 


based on WHO standards, is 1.5 mL (see 
Table 2).2° Complete absence of the ejaculate 
(aspermia) occurs when no antegrade fluid is 


Table 3 
The evolution of the male-infertility evaluation 


Traditional Modern 
Methods Methods 


Routine Strict 
semen analysis morphology 


Light microscopy DNA 
fragmentation 


ASAs Fluorescent in situ 
hybridization testing 

Y-chromosome 
microdeletion assay 


Sperm penetration ROS 
assay 


Hemizona assay Genomic microarrays 


Sperm acrosome — 
reaction 


Postcoital test 


produced during male orgasm. The absence of 
semen may be due to retrograde ejaculation in 
which semen travels through the open bladder 
neck into the bladder. Failure of emission occurs 
when no semen transits through the vas deferens 
and ejaculatory ducts into the posterior urethra. 
Ejaculation may be impaired by neurologic disor- 
ders, such as spinal cord injury and diabetes; the 
use of a-blockers for benign prostatic hypertro- 
phy; or retroperitoneal and colonic surgery that 
resulted in injury to the sympathetic nerves. Ejac- 
ulatory failure should be differentiated from azoo- 
spermia, in which no sperm are present in the 
ejaculate, and from anorgasmia, in which orgasm 
is not reached based on patient report.?® 

Low-volume ejaculates are usually due to 
incomplete collection. Other contributing factors 
may be short abstinence periods, lack of emission, 
EDO, hypogonadism, CBAVD, or partial retro- 
grade ejaculation. In patients at risk for retrograde 
ejaculation and those with ejaculate volumes of 
less than 1.0 mL, a postejaculate urinalysis should 
be performed.?? The finding of greater numbers of 
sperm in the urine than the ejaculate indicates a 
significant component of retrograde ejaculation; 
however, there is no consensus on the minimum 
number of sperm required to be diagnostic of 
retrograde ejaculation.?®3? Any sperm in the post- 
ejaculatory urinalysis is also useful in ruling out 
complete EDO. 

It follows that, in absence of sperm in the post- 
ejaculatory urine, EDO should be suspected. The 
typical semen analysis pattern of complete EDO 
is azoospermic, acidic, low volume, and 
fructose-negative. TRUS can rule out EDO through 
visualization of seminal vesicles less than 1.5 cm in 
anteroposterior diameter.°’ Dilated seminal vesi- 
cles found at the time of TRUS should be aspirated 
for sperm. The presence of millions of sperm under 
microscopic examination of the seminal aspirate is 
diagnostic of EDO.’ The diagnosis of partial EDO 
may be considered in the setting of low volume, 
oligoasthenospermia with normal testis size, and 
hormones. In these patients, the antegrade sam- 
ple typically provides enough sperm for ART, 
although transurethral dilation of the stenotic ejac- 
ulatory ducts can be considered. 


Abnormalities in Sperm Concentration 


Oligospermia 

Attempts to survey populations of men in hopes of 
defining normal or mean sperm density have 
yielded inconsistent results. Similarly, studies 
showing longitudinal changes and diminishment 
of semen quality in large populations have only 
added confusion as to what constitutes a normal 


semen analysis." The WHO defines oligosper- 
mia as a density of less than 15 million/mL sperm 
(see Table 2).7° Eight percent of men presenting 
with infertility will demonstrate oligospermia.*° In 
men with less than 10 million sperm per mL, 
testing of serum FSH and testosterone is advised 
because this will detect most clinically significant 
endocrinopathies.°°*' Varicocele is another com- 
mon finding in men with oligospermia; however, it 
is more commonly associated with combined ab- 
normalities of sperm concentration, motility, and 
morphology.*° 

Men with severe oligospermia, defined as less 
than 5 million/mL, are at increased risk of genetic 
abnormalities. A karyotype and Y-chromosome 
microdeletion analysis should be performed in 
these patients.” For patients with an isolated ab- 
normality in concentration, therapy should be 
directed toward correcting hormonal deficiencies 
and identification of genetic abnormalities. For 
those in whom a cause is not determined, ART 
may be used. 


Azoospermia 

Four percent of men presenting for an infertility 
evaluation will demonstrate azoospermia.7°*° 
The diagnosis of azoospermia can only be estab- 
lished after the specimen is centrifuged at 3000 
g for 15 minutes and the pellet examined.*® 
Following the diagnosis of azoospermia, delinea- 
tion of nonobstructive azoospermia (NOA) versus 
obstructive azoospermia (OA) is necessary. NOA 
is defined by a deficiency of spermatogenesis, 
whereas OA represents adequate sperm produc- 
tion in the setting of ductal obstruction. The phys- 
ical examination can be used to help differentiate 
between these two entities. Testicular size and 
the presence of vasa should be noted. As with 
severe oligospermia, these men require testing 
for an endocrinopathy as well as a karyotype and 
Y-chromosome microdeletion analysis. Men with 
NOA generally exhibit atrophic testes and an 
elevated FSH, indicating failure of spermatogen- 
esis, whereas the finding of normal testis size 
and a normal FSH raises the possibility of 
OA.?®™31 Obstructive causes may include CBAVD, 
vasectomy, EDO, and vasal or epididymal 
obstruction secondary to injury or infection (see 
later discussion). Men found to have CBAVD 
require testing for cystic fibrosis transmembrane 
conductance regulator (CFTR) gene mutations 
(see later discussion). 

In select cases, a testicular biopsy, performed 
as an in-office testicular sperm aspiration (TESA), 
can help differentiate between defects in sper- 
matogenesis and obstruction. In patients with 
NOA, the role of testicular biopsy is most often 
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limited to microsurgical testicular sperm extraction 
(micro-TESE) in conjunction with IVF and ICSI. 
Testicular biopsy as a diagnostic tool to differen- 
tiate NOA from OA was recently questioned in 
men with an FSH greater than or equal to 7.6 
mlU/mL and a testicular long axis less than or 
equal to 4.6 cm because these men are statisti- 
cally most likely to have NOA.*° The problem 
with this approach lies in the inherent variability 
in FSH between laboratories, making these abso- 
lute criteria less useful. 

The presence of normal numbers of sperm on 
biopsy confirms OA. Location of the obstruction 
may be further delineated intraoperatively via 
scrotal exploration and vasal fluid aspiration in 
conjunction with vasal irrigation or contrast vas- 
ography. For further discussion of the surgical 
management of azoospermia, see an article by 
Schlegel and colleagues, elsewhere in this issue. 
In summary, in the azoospermic patient, the 
endocrine and genetic evaluation is imperative in 
directing management. Office TESA may be use- 
ful in select cases. If genetic abnormalities are 
found, referral for genetic counseling should be 
offered before proceeding with ART. 


Abnormalities in motility 
Sperm motility is routinely defined by the percent- 
age of motile sperm and the quality of the move- 
ment of forward progression. WHO criteria 
delineate the normal percentage of motile sperm 
to be 40%, with 32% demonstrating progressive 
motility (see Table 2).27° Low sperm motility is 
observed in 25% of all abnormal semen ana- 
lyses.*° Isolated asthenospermia typically denotes 
a low percentage of sperm demonstrating any 
movement or sperm that have poor forward pro- 
gression. Potential causes include prolonged 
abstinence, partial EDO, genital tract infections, 
pyospermia, ASAs, ultrastructural sperm defects, 
or varicoceles. Asthenospermia associated with 
agglutination suggests the presence of ASAs, 
which may be directly assayed, or leukocytosper- 
mia (ie, excessive white blood cells in the ejacu- 
late). Patients without treatable causes of severe 
asthenospermia are usually directed to ART. Hor- 
monal testing in the setting of isolated astheno- 
spermia is not indicated.7° 

Nonmotile sperm are typically nonviable; how- 
ever, in cases of uncertainty, viability staining 
may be used. Necrospermia is the finding when 
all sperm are nonviable. In some cases, men with 
absent or low (6%-10%) motility and normal-to- 
high viability will have ultrastructural defects. 
These sperm should be examined with electron 
microscopy. The most common disorder associ- 
ated with these ultrastructural abnormalities is 
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primary ciliary dyskinesia, also known as immotile 
cilia syndrome. 7° 


Abnormalities in morphology 

Defects in morphology, also termed teratosper- 
mia, may be due to the presence of varicoceles, 
but more commonly are idiopathic.7° Rare ultra- 
structural defects, including globozoospermia 
(absence of the acrosome), may also be 
found.°°:°' Guzick and colleagues*’ have previ- 
ously demonstrated that the percentage of sperm 
with normal morphology had greater power to 
discriminate between fertile and infertile men 
than concentration and motility. In contrast, 
Nallella and colleagues°* reported that motility 
and concentration provide more accurate informa- 
tion compared with morphology. Almost half of the 
fertile men in the Nallella series, however, pre- 
sented with abnormal morphology, making this 
criteria a less useful discriminator. 

Strict morphology was developed in hopes of 
enhancing the prognostic value of morphologically 
normal spermatozoa. These criteria were originally 
established in 1986 by Kruger and colleagues°° 
and now include a smooth oval head measuring 
3 to 5 mm in length and 2 to 3 mm in width; a 
well-defined acrosome, comprising 40% to 70% 
of the head; an absence of defects of the neck, 
midpiece or tail; and an absence of cytoplasmic 
droplets larger than half the size of the head.°? 

In 2010, the WHO established Kruger strict 
morphology as the new standard reference for 
sperm morphology in comparison to the more 
commonly and historically used light microscopy. 
This new threshold established 4% as the lower 
reference limit of strictly normal forms.*° The pre- 
dictive value of strict morphology in successful 
reproductive techniques has been inconsistent. 
In 1994, Grow and colleagues,°* demonstrated 
IVF fertilization rates of 94% when sperm 
morphology was normal (>14%), 88% with 4% to 
14% normal forms, and 15% when fewer than 
4% of forms were normal. This led the investiga- 
tors to conclude that strict morphology was an 
excellent biomarker of sperm fertilizing capacity, 
independent of motility and concentration. Later 
studies found similar results regarding the predic- 
tive value of strict morphology in IVF with and 
without ICSI°°*® and IUI.°°:°° Other investigators 
have not confirmed these findings.°'°? For 
example, Keegan and colleagues®? found that iso- 
lated teratospermia did not affect IVF outcome 
and concluded that it is not an indication for ICSI. 

A high percentage of sperm in the ejaculate 
must be abnormal before strict criteria can begin 
to predict poor fertilization in these couples, indi- 
cating that abnormal morphology does not always 


equate with abnormal function. Strict morphology 
remains a useful component of the fertility evalua- 
tion, although isolated abnormalities in strict 
morphology should not immediately prompt use 
of IVF. Natural conception and IUI remain possible 
for these couples. 


Multiple semen abnormalities 
Oligoasthenoteratozoospermia (OAT) reflects 
semen analysis abnormalities in sperm density, 
motility, and morphology. Thirty-seven percent of 
men presenting for infertility will have defects in 
two or more semen parameters.”° The most com- 
mon cause of OAT on semen analysis is the pres- 
ence of a varicocele. A varicocele is a clinical 
diagnosis, established by physical examination 
and without the use of ultrasonography. Subclini- 
cal or occult varicoceles found only on scrotal 
ultrasonography are not considered clinically 
‘significant and do not warrant correction.°*** 
Additional causes of OAT may include fever, gona- 
dotoxin exposure, certain medications, cryptorchi- 
dism, and partial EDO.7°:°* 

Varicocele is the most common correctable 
cause of male infertility®® and its therapeutic effect 
extends to all aspects of patients exhibiting OAT, 
with potential improvements in concentration, 
motility, and morphology.°° Further study may 
extend the benefits of varicocele repair to im- 
provements in hypogonadism.°’ Varicocelectomy 
remains relevant in the modern era because it 
has been shown to improve IVF outcomes and 
reduce the complexity of ART.°*:°° For further dis- 
cussion of varicoceles, see an article by Brannigan 
and colleagues, elsewhere in this issue. 


OTHER SEMINAL ABNORMALITIES 
Leukocytospermia 


Leukocytospermia, large numbers of white blood 
cells in the semen, has been associated with ab- 
normalities in sperm motility and function. Using 
traditional light microscopy, distinguishing be- 
tween round cells, which can represent leukocytes 
or immature germ cells, can be difficult. The use of 
immunohistochemical staining or monoclonal anti- 
bodies is required to make this determination.°° 
Pyospermia is defined as greater than 1 million 
leukocytes per mL and it requires evaluation for 
genital tract infection or inflammation. Cytokines 
and ROS released by inflammatory cells can 
impair sperm motility and viability.°’°-’2 Men 
with elevated leukocytes should have a semen 
culture performed, although this test is infre- 
quently positive for significant noncommensal or- 
ganisms.’° Empiric antibiotic therapy is not 
warranted because it generally does not provide 


significant benefit and many commonly prescribed 
antibiotics can have spermatotoxin effects.’*~’° In 
culture-positive patients, antibiotic therapy should 
be provided. In the more common, culture- 
negative patient, nonsteroidal antiinflammatory 
medications and frequent ejaculation are more 
appropriate. In refractory cases, sperm washing 
to remove white cells followed by IUI can be 
successful.’ 


ADDITIONAL SEMEN TESTS 
ROS 


ROS include superoxide anion, the hydroxyl 


radical, and the hypochlorite radical, which are 
important mediators of normal sperm physiology; 
however, they retain the potential to damage 
aerobic cellular systems.” Normal physiologic 
levels are involved in cell signaling, tight junction 
regulation, production of hormones, capacitation, 
sperm motility, zona pellucida binding, and the 
acrosome reaction. When seminal antioxidants, 
such as superoxide dismutase and catalase, are 
depleted, excess ROS levels can adversely affect 
spermatogenesis.” These oxidants impair sperm 
function and motility via peroxidation of sperm 
lipid membranes and the creation of toxic fatty 
acid peroxides. ’° 

Elevated ROS levels can be present in up to 
40% of infertile patients and are less commonly 
seen in normal controls or men with azoo- 
spermia. The presence of high ROS concentra- 
tions can have widespread effects on seminal 
parameters, including impairment of sperm con- 
centration, motility, morphology, and elevated 
levels of DNA fragmentation. "17781-85 Similarly, 
elevated ROS levels have been identified in men 
with impaired fertility and associated varicoceles, 
spinal cord injury, and immunologic infertility.°° °° 
Of note, improvements in ROS levels following 
varicocelectomy have been demonstrated.®°° 
Therapy, however, has been primarily directed at 
increasing levels of antioxidants in the semen us- 
ing nutraceuticals. Unfortunately, most studies 
have been uncontrolled or have indirect end 
points of success. Further research is required 
to determine the optimal composition and prepa- 
ration of antioxidants to protect sperm from 
oxidative stress in vitro.°°-°* For further discus- 
sion on nutraceuticals, see an article by Sabanegh 
and colleagues, elsewhere in this issue. 


DNA Fragmentation 


The stability and integrity of sperm DNA is impor- 
tant for fertilization and resultant embryo deve- 
lopment. These characteristics are normally 
maintained by disulfide cross-links between 
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protamines that allow for condensation and pro- 
tection of chromatin in the nucleus.°*°°°° DNA 
fragmentation refers to denatured and damaged 
DNA, which is not able to be repaired and can 
result from a multitude of factors, including 
abnormal protamination, mutations altering DNA 
compaction, the presence of a varicocele, and 
environmental exposures.°*°°°° Elevated DNA 
fragmentation rates have been shown to be 
more common in infertile men compared with 
fertile donors and can lead to adverse effects on 
reproductive outcomes. These undesired effects 
include impairment of natural conception, IUI, 
and IVF with ICSI.97-10° 

Both direct and indirect assays have been 
developed to quantify sperm DNA fragmentation 
rates. Single-cell gel electrophoresis (comet) and 
terminal deoxynucleotidyl transferase-mediated 
deoxyuridine triphosphate nick-end labeling (TU- 
NEL) are direct assays that analyze the number 
of breaks in the DNA. In contrast, indirect assays, 
such as the sperm chromatin structure assay 
(SCSA), measure the susceptibility of sperm nu- 
clear DNA to acid-induced DNA denaturation in 
situ.'°'"°° Generally accepted abnormal 
threshold values for the SCSA are greater than 
or equal to 25% to 27% in comparison to greater 
than or equal to 36% for TUNEL assays. 104-106 
Sperm DNA damage has been associated with 
recurrent miscarriage and elevated rates of nu- 
merical chromosome abnormalities, and it has a 
close inverse relationship with live-birth rates after 
IVF.1°7-119 Limited studies suggest that sperm 
retrieved from the testicle have better DNA quality 
in men with abnormal levels of DNA fragmentation 
in ejaculated sperm. These data suggest that men 
with high levels of DNA damage in ejaculated 
sperm should be considered for micro-TESE for 
ICSI,82:93,111,112 

Nutraceuticals have also been associated with 
improvements in sperm DNA fragmentation, 
although this has not always translated into im- 
provements in pregnancy rates. In patients with a 
palpable varicocele and an abnormal semen anal- 
ysis, varicocele repair has been shown to result in 
a significant decrease in sperm DNA fragmenta- 
tion rates. This has translated, in some cases, to 
higher spontaneous and ART-associated preg- 
nancy rates.''-''® In general, therapeutic consid- 
erations for the infertile man with elevated DNA 
fragmentation include avoidance of gonadotoxins, 
antioxidant supplementation, treatment of semen 
infection, and varicocele repair.°° Although the 
routine use of DNA fragmentation assays in the 
male-infertility evaluation is debated, it may be 
Clinically useful for most patients, especially those 
couples ultimately pursuing ART.°° 
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Fluorescent in situ Hybridization 


Fluorescent in situ hybridization (FISH) is used to 
assess sperm aneuploidy, which translates to 
increased risks of embryo loss and fetal anoma- 
lies. The most frequent sperm chromosome anom- 
aly in infertile men is diploidy. 116 Up to 6% of men 
with infertility and a normal karyotype have 
increased frequency of meiotic abnormalities in 
their sperm.°''© Current indications for FISH 
testing include couples with recurrent pregnancy 
loss and unexplained, persistent IVF failure. Rates 
of sperm aneuploidy are highest in men with NOA, 
significantly abnormal sperm morphology, ultra- 
structural sperm defects, chromosomal transloca- 
tions, and karyotypic abnormalities.'1°''” FISH 
testing in these men may help assess the relative 
risks of ICSI and to understand whether to pro- 
ceed with ICSI or consider preimplantation genetic 
diagnosis testing. Limitations of FISH include cost 
and lack of testing on the actual sperm used for 
ICSI.1'5"2° Patients found to have elevated rates 
of aneuploidy should be referred for genetic 
counseling. 


THE GENETIC EVALUATION 


It has been suggested that much of what was pre- 
viously categorized as idiopathic infertility may 
have a genetic basis. Even with current testing, 
there are likely genetic aberrations that may be 
contributing to male infertility and remain unrecog- 
nized. Men with oligospermia and azoospermia 
represent 40% to 50% of all infertile men and 
have a known increase in genetic abnormalities.* 
Genetic testing is indicated when the sperm den- 
sity is less than 5 million/mL, NOA is present, or 
there are clinical suggestions of an abnormality. 
The most commonly used tests include a karyo- 
type, Y chromosome microdeletion analysis, and 
cystic fibrosis testing. For additional information 
on genetics and male infertility, see an article by 
Hotaling, elsewhere in this issue. 


Congenital Bilateral Absence of the Vasa and 
Cystic Fibrosis Gene Mutations 


CBAVD is diagnosed on physical examination and 
is usually due to a mutation in the CFTR gene 
located on chromosome 7.'*':'?? Almost all men 
with clinically detected cystic fibrosis demonstrate 
CBAVD. Eighty percent of azoospermic men with 
CBAVD and one-third of men with unexplained 
obstruction will have CFTR mutations. '7°:'24 In pa- 
tients found to have an abnormality on CFTR 
testing, the partner should be screened. Failure 
to detect a CFTR mutation in either partner does 
not exclude the presence of a mutation, which is 


not identifiable by current methods, and therefore 
the progeny of the couple remains at some risk. 
Similarly, it should be recognized that the sensi- 
tivity of CFTR testing varies by ethnicity. Some pa- 
tients may have vasal agenesis due to a non-cystic 
fibrosissnediated embryologic defect, which is 
associated with unilateral absence of the kidney. 
Arenal ultrasound is therefore indicated in patients 
demonstrating vasal abnormalities on examina- 
tion.'° Patients demonstrating CFTR mutations 
should be referred for genetic counseling before 
IVF. 12°-127 For additional information, see an article 
by Hotaling, elsewhere in this issue. 


Karyotype-Associated Abnormalities 


The prevalence of chromosomal abnormalities is 
known to be higher in infertile men and is 
inversely related to sperm concentration. In men 
with azoospermia, the prevalence is 10% to 
15%, whereas in men with severe oligospermia, 
defined as fewer than 5 million sperm/mL, the 
rate approaches 5%. This is in stark contrast to 
men with normal sperm concentrations who 
demonstrate a less than 1% prevalence of 
karyotype-associated abnormalities.'2°'7° In 
azoospermic men, sex chromosome abnormal- 
ities predominate, whereas in oligospermic men, 
autosomal anomalies (ie, robertsonian and recip- 
rocal translocations) are more frequent.'2° Chro- 
mosomal inversions in autosomes 1, 3, 4, 6, 9, 
10, and 21 are also more common in infertile 
men.'°° In light of these findings, men with azoo- 
spermia, severe oligospermia, or clinical evidence 
of a chromosomal syndrome should undergo 
karyotype testing before ART. 

Klinefelter syndrome (KS) represents the most 
common karyotypic abnormality in infertile men 
(47, XXY). KS is present in 11% of men with 
azoospermia and occurs in 1 of 500 live 
births. '7°-1S1:12 Ninety-five percent of affected 
men present in adulthood with infertility, but 
only 25% demonstrate the characteristic gy- 
necomastia, tall stature, and small firm testes.° 
KS results from a meiotic nondisjunction event 
in most cases; however, up to 3% of men with 
KS are mosaic 46,XX/47,XXY. Micro-TESE, 
coupled with ICSI, is a successful strategy for 
most patients with azoospermia and KS. Sperm 
retrieval rates approach 72% per micro-TESE, 
and 69% of men have adequate sperm for 
ICSI.'°" It is imperative to remember that couples 
in which the man has a karyotypic abnormality 
are at a higher risk of miscarriage and the trans- 
mission of chromosomal and congenital defects. 
Referral to a genetic counselor, therefore, is 
warranted. 


Y-chromosome Microdeletions 


Two-percent of normal men exhibit deletions of 
clinically relevant regions of the Y chromosome. 
In contrast, these microdeletions are found in 
7% of men with impaired spermatogenesis. The 
incidence of these microdeletions increases to 
16% in men with severe oligospermia or azoo- 
spermia. 19° These microdeletions are not detect- 
able with standard karyotype testing. Instead, 
they require polymerase chain reaction techniques 
to analyze sequence tagged sites along the Y 
chromosome.°**''°* Within the long arm of the Y 
chromosome (Yq11) are three important regions 
that influence spermatogenesis. These are the 
azoospermia factor (AZF) regions, including 
AZFa, (proximal), AZFb (central), and AZFc (distal). 
There may be other, yet undiscovered, regions 
that contain genes necessary for spermato- 
genesis. Of the three regions, AZFc deletions are 
the most common. They are seen in 13% of men 
with NOA and 6% of severely oligospermic 
men.194136 The deleted in azoospermia (DAZ) 
gene, which encodes a transcription factor pre- 
sent in men with normal fertility, resides in the 
AZFc region. The location of these deletions af- 
fects the likelihood of the presence of spermato- 
genesis and is prognostic in regard to the 
success of micro-TESE. Men with AZFc microde- 
letions have quantitatively impaired spermatogen- 
esis with variable expressions of either severe 
oligospermia or azoospermia. The level of sper- 
matogenesis is typically stable among individuals, 
and micro-TESE with ICSI remains a therapeutic 
option.3>134137 In contrast, deletions of the AZFa 
or AZFb regions portend a very poor prognosis 
for sperm retrieval. '°*:19°:199 

Men with Y-chromosome microdeletions will 
pass the abnormality to their sons who conse- 
quently may also be infertile. Microdeletions of 
the Y-chromosome are not known to have addi- 
tional somatic health consequences or testicular 
abnormalities, although limited data exist.'** 
Therefore, transmission of these microdeletions 
may have unrecognized consequences to 
offspring. Men exhibiting NOA or severe oligosper- 
mia should be offered a Y-chromosome microde- 
letion assay and genetic counseling before 
pursuing micro-TESE for IVF with ICSI. 194 


THE YEAR IS 2034 


The office evaluation in 20 years will continue to 
rely on an effective history and physical examina- 
tion; however, new diagnostic and therapeutic ad- 
vances stemming from the evolving fields of 
genomics, proteomics, and metabolomics will 
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bolster its efficacy. As diagnostic acumen is 
refined by the specificity of these tests, more cou- 
ples will move from idiopathic to defined causes of 
infertility. Treatments resulting from these technol- 
ogies will provide new possibilities for couples 
unable to conceive with current methods. 

In the future, increased recognition of the infer- 
tile man’s long-term health risks will result in higher 
rates of referrals for evaluation. Instead of bypass- 
ing a male evaluation in favor of ICSI, clinicians will 
recognize comorbidities associated with male 
infertility, therefore ensuring appropriate referral 
and evaluation. Augmenting the evaluation of the 
future will be widespread insurance mandates for 
coverage of infertility services. These services, 
which are in some ways a barrier to couples, will 
no longer be exclusive to those with substantial 
financial means. 


Evolving Genomic Assessments 


Current estimates indicate that genetic abnormal- 
ities contribute to 15% to 30% of male infer- 
tility.4°'4" The present genetic evaluation for 
male-factor infertility may include a karyotype, 
Y-chromosome microdeletion assay, and cystic 
fibrosis testing. The genetic evaluation of the future 
will include assessments of much smaller genomic 
regions including single nucleotide aberrations, 
which were previously undetectable. Genetic mi- 
croarrays, developed to evaluate copy number 
variations, gene expression levels, and single 
nucleotide polymorphisms, may help to identify 
the genetic biomarkers of the future. Comparisons 
can now be drawn between relative quantities of 
DNA between samples, allowing for determination 
of gene copy number as a function of chromo- 
somal location.’*' This technique, comparative 
genomic hybridization, can be applied to the entire 
genome using a microarray-based approach. 1*1 
Array-based comparative genomic hybridization 
has identified Y-chromosomal microdeletions, 
copy number variants outside of the previously 
recognized AZF regions, and other candidate 
infertility genes. 141-144 Other infertility-related ge- 
netic biomarker candidates have been identified 
using microarray-based single nucleotide poly- 
morphism analysis. '41:149:146 

Epigenetic modifications, characterized by DNA 
methylation, histone modifications, and chromatin 
remodeling are important regulators of spermato- 
genesis. Changes to the sperm epigenome by 
DNA protamination and methylation, detected by 
the application of microarray technologies, have 
important implications for male fertility. 147 Simi- 
larly, microarray technologies have permitted 
evaluation of spermatozoal RNA. As reviewed by 
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Kovac and colleagues, '*' sperm messenger RNA 
expression profiles correlate with spermatogen- 
esis, sperm motility, germ cell antiapoptotic pro- 
cesses, DNA repair, oxidative stress reduction, 
fertilization, zygote development, and histone 
modification. 149-152 

Applications of microarray technologies to eluci- 
date further these processes may yield new diag- 
nostic and therapeutic advances in male infertility. 
In the future, patients may present with a genetic 
record, perhaps recorded in an embedded micro- 
chip or available on saliva testing, delineating their 
entire genome and allowing for prospective evalua- 
tion of their propensity to infertility and other dis- 
ease states. For those men currently diagnosed 
with idiopathic infertility, a genetic cause may 
now be linked and preemptive or resultant targeted 
therapies used. 


The Role of Proteomics and Metabolomics 


Proteomic analysis refers to the study of the com- 
plete complement of proteins in an organism using 
both protein profiling and functional assess- 
ment. 15° Proteomics, which assesses the resultant 
proteins of gene expression, has had an increasing 
role in fertility research. As with genomics, both 
proteomics and metabolomics offer the potential 
discovery of biomarkers for male fertility beyond 
the standard semen analysis, which is subject to 
significant variability and a poor metric of fertility. 
The advantage of proteomic analysis is that it 
can identify a given protein, assess its quantity, 
and detect a variety of modifications. 141154 Poten- 
tial biomarkers discovered through proteomic 
analysis include heparin-binding proteins, prol- 
actin inducible protein, human serum albumin, 
human cationic antimicrobial protein, and spin- 
dlin1.1°*-'©° Recent, additional applications for 
proteomics have included evaluation of sperm 
proteomes for the development of contraceptive 
targets and assessment of sperm-egg recognition 
and fusion. 141:160-163 

Metabolomics represents the study of cellular 
metabolic products and represents the down- 
stream effects of gene expression. These metabo- 
lites can result from normal physiology or as the 
byproducts of exogenous influences, including 
medications. '*' For male infertility, metabolomics 
has been used to assess oxidative stress, resultant 
ROS, and its influences on spermatogenesis, 164 
embryo viability, °° and ART outcomes. '°°'°° The 
roles of genomics, proteomics, and metabolomics 
will continue to expand as we gain a better under- 
standing of the molecular and genetic mechanisms 
influencing fertility. Our current reliance on semen 
analysis data for the evaluation of the infertile man 


will later be amended by novel biomarkers pro- 
duced by these discoveries. 


Changes in Insurance Coverage and Referral 
Patterns 


Recently, Eisenberg and colleagues? demon- 
strated that a male-fertility evaluation was not 
performed in 18% of surveyed couples when the 
male partner was asked, and this number rose to 
27% when the female partner was questioned. 
This corresponds to a range of 370,000 to 
860,000 men who were not referred for an infertility 
evaluation. In 2001, Kolettis and Sabanegh'°’ 
reported that 6% of all men referred for an infertility 
evaluation harbor significant medical symptoms. 
Previously, Honig and colleagues'®® revealed 
that 1% of all men seen for an infertility evaluation 
had a medical disorder diagnosed at the time of 
that evaluation, including genetic, endocrine, and 
malignant conditions. Of significant importance 
was the revelation that on semen analysis there 
was no pathognomonic finding that could identify 
all men with significant medical conditions. 168 
Other studies have shown that male infertility is 
associated with increased risks of testis and pros- 
tate cancer.16%171 Cardiovascular mortality has 
also been reported to be higher in men who have 
no children, '’* and men with impaired semen pa- 
rameters may be at a higher risk for overall mortal- 
ity.'’° Given the potential negative implications to 
both reproductive success and male health, the 
current environment of infrequent referral for 
male evaluation is staggering. The authors envi- 
sion a future, in 2034, in which every man in an 
infertile couple is referred for appropriate 
evaluation. 

Even when referred, couples face additional bar- 
riers to care, including poor insurance coverage 
and high costs for fertility services. Currently, 
only 15 states currently have laws that require in- 
surers to cover or offer to cover some form of infer- 
tility diagnosis and related treatments. These 
include Arkansas, California, Connecticut, Hawaii, 
Illinois, Louisiana, Maryland, Massachusetts, 
Montana, New Jersey, New York, Ohio, Rhode 
Island, Texas, and West Virginia. These laws vary 
widely in their scope and coverage. '’* One means 
by which some states have expanded care for 
infertile couples is through the passage of fertility 
insurance mandates to guarantee treatment. For 
example, Massachusetts passed an_ infertility 
mandate in 1987. Although it was not the first state, 
it was and is one of the most comprehensive. ' It 
is hoped is that other states will adopt similar 
mandates and expand coverage to more infertile 
couples. Included within these mandates should 


be the insistence that, before ART coverage, a 
qualified specialist evaluate the male partner. 

The impact of the Affordable Care Act on access 
to fertility care remains to be seen; however, cur- 
rent legislation does not expand or provide 
coverage for infertility benefits." The authors 
foresee an environment of insurance coverage 
for infertile couples that expands the accessibility 
of diagnostic and treatment modalities. This will 
help to alleviate the financial burden on infertile 
couples and allow the office evaluation to better 
focus on the reproductive and general health 
care of both partners. 


SUMMARY 


The future of the office evaluation of the infertile 
man will evolve along with advances in technol- 
ogy, defining new diagnostic and therapeutic mea- 
sures. The history and physical examination will be 
combined with novel genetic assessments and 
targeted therapies with hope for a cure, as 
opposed to simply reproductive assistance. The 
efficacy of these new diagnostics will be derived 
from genomics, proteomics, metabolomics, and 
the resultant discovery of new biomarkers. This 
will ultimately allow for minimal reliance on the 
routine semen analysis. Similarly, the progressive 
landscape of male infertility will further incorporate 
the burgeoning fields of informatics, robotics, and 
telemedicine. Advances in these domains will offer 
patients enhanced opportunities for reproductive 
success and expand access to specialist care. 
Actualization of these ambitions will fall to the 
practitioners advocating for and caring for these 
future parents and their children. 
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INTRODUCTION 


Male endocrine assessment is an integral part of 
the evaluation of the infertile couple. This article 
discuss the various modalities available to diag- 
nose endocrinopathies affecting male factor infer- 
tility. Although male endocrine dysfunction is a 
significant part of the evaluation of the infertile 
male, a primary hormonal cause is found in less 
than 3% of infertile men.' Conversely, 30% to 
70% of men with male infertility have some degree 
of concurrent endocrine dysfunction.?° Thus, in 
the treatment of the infertile male, endocrine eval- 
uation has historically been one of the first avenues 
in patients seeking evaluation. As our knowledge 
of male androgenic hormonal dysfunction ex- 
pands, so too will our armamentarium of potential 
treatments. The different physiologic mechanisms 
involved in male infertility are discussed in this 
article, as well as current and promising new treat- 
ments based on an ever-evolving foundation of 
knowledge that may aid the specialist in treatment. 

Although some have denigrated the role of the 
endocrine evaluation in male factor infertility, it is 
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Review 


[Endocrine dysfunction, as it pertains to the infertile male, centers around the role of intratesticular 
testosterone, which is. vital. for sperm.growth.and.maturation..This.is.under the primary.control of the 


[Understanding how feedback inhibition in the androgenic axis may cause dysfunction and how the 
subsequent manipulation of these endocrine systems may improve spermatogenesis. 

[Multiple endocrine systems at various levels of the HPG axis act to modulate spermatogenesis. 

[Current treatments focus on increasing intratesticular testosterone, although may expand to other 


only through a rigorous epidemiologic, genetic, 
and environmental assessment of perturbations 
of the male endocrine axis that the causes of 
male infertility will be truly unraveled. As mathema- 
tician Blaise Pascal stated, “we may have three 
principal objects in the study of truth: one to 
discover it when it is sought; another to demon- 
strate it when it is possessed; and a third, to 
discriminate it from the false when it is examined.” 
Currently, endocrine evaluation of the infertile male 
excels at discovering truth when it is sought but 
falls far short from discriminating it from the false 
on further examination. Gross abnormalities can 
be demonstrated such as in hypogonadotropic hy- 
pogonadism but how a myriad of genetic and envi- 
ronmental factors combine to render the male 
endocrine axis incapable of facilitating normal 
spermatogenesis has not been elucidated. 


MALE ENDOCRINE PHYSIOLOGY 


Traditionally, the focus of endocrine physiology in 
the male reproductive system has centered on the 
hypothalamic-pituitary-gonadal (HPG) axis, which 
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constitutes the backbone of current understand- 
ing of the male reproductive system. The interplay 
of various hormone systems with the HPG axis 
may also play a role in its regulation and effects. 
However, as understanding of the depth and limi- 
tations of assessment of the HPG axis has 
evolved, so too has rudimentary understanding 
of the so-called neohormones that may also aid 
in the treatment of male infertility. 


HPG Axis 


Intratesticular testosterone levels are vital to the 
growth and maturation of sperm. High testicular 
concentrations of testosterone are required to 
maintain spermatogenesis,* and intratesticular 
testosterone levels are approximately 40 to 100 
times higher than serum levels. Thus, small varia- 
tions in serum testosterone levels may represent 
massive fluctuations in the intratesticular environ- 
ment. Testosterone is produced primarily by Ley- 
dig cells in the interstitium of the testis. 
Luteinizing hormone (LH) produced from the pitui- 
tary gland is chiefly responsible for steroidogene- 
sis by Leydig cells. LH binds to its receptor, 
which initiates a cyclic adenosine monophosphate 
(cAMP}mediated pathway leading to testosterone 
production and release via mitochondrial and 
smooth endoplasmic reticulum membranes.‘ 
These androgens then diffuse out of the Leydig 
cell structure into capillaries and adjacent tissue 
within the interstitium and surrounding germinal 
epithelium. 

Once in the capillaries, testosterone is quickly 
bound by proteins in circulation, mainly sex- 
hormone binding globulin (SHBG) and to a lesser 
extent albumin. Some testosterone is further 
metabolized by aromatase and 5a-reductase to 
estrogen and dihydrotestosterone, respectively. ' 


Estradiol 


Hypothalamus + pulsatile 


Fig. 1. HPG axis and effects. 
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Serum testosterone is the primary source of hypo- 
thalamic feedback inhibition, whereas estrogens 
modulate gonatotropin secretion in response to 
gonadotropin-releasing hormone (GnRH)'’” in the 
pituitary. 

The hypothalamus produces GnRH in a pulsatile 
manner! in response to input from other parts of 
the brain, various neurotransmitters and neuro- 
peptides, and serum testosterone levels (Fig. 1). 
This pulsatile GnRH then acts on the pituitary 
gonadotropes to produce LH and follicle- 
stimulating hormone (FSH). In addition to the 
influence of testosterone and estrogen on LH pro- 
duction, FSH is further regulated by 2 proteins 
secreted by Sertoli cells in the seminiferous 
tubules. Inhibin, or more accurately inhibin B, 
selectively suppresses FSH production by the go- 
nadotropes, whereas activins stimulate produc- 
tion of FSH.'° Follistatin, which is produced by 
Sertoli cells and, to a lesser extent, germ cells, 
plays a role in local inhibition of activin secretion 
within the testis and regulates germ cell growth 
and division.°'° FSH stimulates Sertoli cells to 
chaperone germ cells throughout spermatogen- 
esis. FSH is not strictly required for spermatogen- 
esis in humans, but it does augment Sertoli cell 
function and, through feedback with Sertoli cells, 
is a core component of optimal testicular function 
(see Fig. 1). 


Nongonadotrope Hormones 


Regulation of androgens is more complex than 
previously believed. The role of prolactin and 
growth hormone (GH), and several other hormones 
that have been implicated in spermatogenic func- 
tion, is discussed in this section. 

In men, prolactin is a peptide hormone produced 
by pituitary lactotropes and in the prostate. '* The 


Testosterone “~~~ 


e, 


Leydig Cells 


Anterior 
Pituitary 


Sertoli Cells 


Inhibin, - 


physiologic role of prolactin in the male remains un- 
clear.'* There is evidence to suggest that prolactin 
may play a role in the physiologic regulation of 
testosterone. 1415 Receptors found on the choroid 
plexus and hypothalamus also suggest there may 
be a more central role in the maintenance of male 
fertility.'° There is evidence to support prolactin 
regulation by factors within the testis and pituitary 
gland.‘°-'” Prolactin may also play a role in sexual 
behavior and activity. 1 However, more commonly 
it does not have an obvious target organ.'° 

GH is produced by somatotropes in the pituitary 
gland.‘ It is primarily regulated positively and 
negatively by hypothalamic secretion of growth 
hormone-releasing hormone (or somatocrinin) 
and growth hormone—inhibiting hormone (or so- 
matostatin), respectively.'° GH production is also 
stimulated by the neuropeptide ghrelin? and by 
testosterone.*' Unlike in females, estrogens may 
not regulate GH release in males.?? Among other 
effects, GH has anabolic properties, such as in- 
creases in muscle mass, protein synthesis, organ 
growth, and gluconeogenesis, as well as catabolic 
effects such as lipolysis.'° GH activates produc- 
tion of insulinlike growth factor 1 (IGF-1) through 
instigation of the JAK-STAT signaling pathway at 
target organs.*' IGF-1 is a member of the insulin/ 
IGF/relaxin subfamily of proteins, which may play 
a role in the regulation of spermatogenesis, and 
is discussed later.7° 

Although most hormonal stimuli on the testis are 
likely from gonadotropes in the pituitary, there are 
probably direct and indirect effects on the testis 
from a different class of hormones altogether. 
The insulin/IGF/relaxin family of proteins is stimu- 
lated by GH from somatotropes in the pituitary, 
as well as indirectly from various other organ sys- 
tems. '° Feedback control of growth hormone pro- 
duction in the pituitary is a complex process, and it 
is unclear how seemingly non-sex steroid feed- 
back plays a role in regulating spermatogenesis. 
However, ghrelin from the stomach and leptin 


Table 1 
Roles of relaxin family hormones 


Name Origin 
Relaxin (H2 relaxin) 


INSL3 Testis (Leydig cells) 


INSL5/INSL6 Germ ceils 


Prostate/seminal vesicles 
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from adipocytes activate GH secretion, and IGF-I 
and IGF-II from the liver inhibit GH production. 19 
Further complicating elucidation of the role of GH 
is paracrine activity of GH within the pituitary itself. 
LH may induce GH release from somatotrophs, 
which could theoretically undergo amplification 
of GH release through autoregulation. Thus, a 
direct GH effect on neighboring gonadotropes 
could lead to LH release inhibition.*4 

Members of the insulin/IGF/relaxin family of pro- 
teins seem to play important adjuvant roles in 
sperm production or function (Table 1). Other 
than IGF-1, only relaxin has been studied in the 
arena of male infertility. Relaxin is produced pri- 
marily in the prostate and/or seminal vesicles.° 
Relaxin may also affect the fertilizing ability of 
sperm, possibly via immune desensitization of 
the female reproductive tract.7° 

Homologs of relaxin include insulinlike peptides 
(INSL). Specific INSL proteins may play roles in 
stimulating and regulating spermatogenesis. 
INSL3 is produced in large quantities by Leydig 
cells.2°-? It readily crosses into seminiferous tu- 
bules, and does not seem to vary by fluctuations 
in the HPG axis.2°7° INSL5 and ISNL6 knockout 
mice show impaired spermatogenesis and INSL6 
gene transcripts are expressed in large amounts 
by meiotic and postmeiotic germ cells in both ro- 
dents and humans.7°7°°° Despite this work, the 
role of INSL in human spermatogenesis remains 
unclear. 

Paracrine factors within the microenvironment 
of the seminiferous tubule are equally, if not 
more complex, regulators of spermatogenesis. 
So-called stem cell factors represent various 
signaling factors believed to induce the progres- 
sion from gonocyte to spermatogonium.*' Germ 
cell-Sertoli cell gap junctions may also have a 
direct influence on the developing spermato- 
cyte.°* Thus, although this discussion is limited 
to global hormonal influences, complex interac- 
tions with paracrine hormone regulators at the 
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cellular level are influential in the growth and matu- 
ration of sperm. 


MALE ENDOCRINE DYSFUNCTION 


Dysfunction within the male endocrine system can 
be elucidated with an understanding of the andro- 
genic hormonal axes. Broadly, these can be clas- 
sified into endogenous and exogenous disruptors 
of endocrine function. 


Endogenous Dysfunction 


Dysfunction within the HPG axis can occur for 
many reasons. To some degree, this is a natural 
consequence of aging, as testosterone levels 
decline with advancing age.** However, as stated 
previously, assayed total testosterone level alone 
is not an accurate marker of androgen activity in 
serum, or by extension in the testis, as circulating 
testosterone exists in a dynamic state of being free 
and bound to circulating proteins such as albumin 
and SHBG. As SHBG increases with age, evalua- 
tion of total testosterone in isolation is prone to er- 
ror (Fig. 2).°* Bioavailable testosterone, or the 
testosterone that is either freely bound or able to 
disassociate with bound SHBG or albumin, be- 
comes a more accurate assessment of true 
testosterone status.°° Ideally, free testosterone 
would be an accurate assessment, and indeed 
the percentage or total amount of free testos- 
terone that is measured from serum is an accurate 
indicator of testosterone status.°° However, most 
commercial assays assess free testosterone by 


Testosterone SHBG 
nMol/L 


Fig. 2. Age-dependent levels of SHBG and testosterone. 


nMol/L 


an indirect enzyme-linked immunosorbent assay 
test, which is notoriously inaccurate, rather than 
performing an equilibrium dialysate that can accu- 
rately determine testosterone status.°” According 
to a consensus of laboratory researchers, calcu- 
lated bioavailable testosterone is the most reliable 
method of assessing testosterone status.°° 
Bioavailable calculators are freely available on 
the Internet, as a smartphone application, or at 
www.issam.ch/freetesto.htm. 

Thus, bioavailable testosterone provides a more 
accurate assessment of a man’s androgenic func- 
tion and may offer insight into other disease states. 
For example, SHBG levels increase not only with 
age but also in disease states such as liver dis- 
ease, collagen vascular disease, and chronic 
ilness.°° SHBG binds and subsequently de- 
creases the amount of testosterone that is avail- 
able to support proper spermatogenesis. 

Male androgenic potential decreases with age, 
and age-associated hypergonadotropic hypogo- 
nadism is the most common associated finding 
with the decrease in sperm counts.*° It seems 
that inherent deficiencies within the sperm itself 
can also contribute to decreased fertility as men 
age.*' Traditionally, it is accepted that testos- 
terone levels start to decrease by 110 ng/dL/ 
decade after the fifth decade of life.** However, 
in certain individuals, this decline starts at an 
earlier age. The number of potential gene activity 
triggers for this early decline is rapidly growing,** 
although no commercially available assay is 
currently available to screen those at risk. 
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Hypogonadotropic hypogonadism is a less 
common reason for testicular dysfunction and hy- 
pospermatogenesis. Hypogonadotropic hypogo- 
nadism can be caused by Kallman syndrome, or 
congenital hypogonadotropic hypogonadism, or 
idiopathic hypogonadotropic hypogonadism 
(IHH). Kallman syndrome may be inherited as an 
X-linked, autosomal dominant, or autosomal 
recessive disorder.** Kallman syndrome may be 
diagnosed with delayed puberty, whereas in 
IHH, puberty may have occurred as a result of 
sufficient stimulation of testicular maturation. Pa- 
tients with IHH may still have attenuated differen- 
tiation of gonocytes within the testes, causing 
oligospermia and even azoospermia.*° The endo- 
crine definition of hypogonadotropic hypogonad- 
ism varies, but generally is accepted as FSH 
and LH values less than 2.5 mIU/mL with 
concomitant hypogonadism.*°:*” Congenital ad- 
renal hyperplasia (CAH) can lead to an increase 
in endogenous androgen, thus causing a hypogo- 
nadotropic state through negative feedback. 
Although not hypogonadal, these patients still 
exhibit oligospermia or azoospermia secondary 
to the hypogonadotropic state. ' 

Although hypergonadotropic hypogonadism is 
most commonly found in late-onset hypogonad- 
ism, when found earlier in life, the possibility of 
chromosomal disorders must be explored. Kline- 
felter syndrome, or the presence of an extra X 
chromosome in an XY male, leads to seminiferous 
tubule sclerosis and consequently increased FSH 
and LH levels.*® FSH levels are often markedly 
increased in these men.' Despite increases in 
LH, plasma levels of testosterone are decreased 
in 50% to 60% of patients.*2 A less common 
cause of hypergonadotropic hypogonadism is XX 
male syndrome, where patients presumably have 
a sex-determining portion of the Y chromosome 
on their X compliment.’ Genetic studies do not al- 
ways corroborate that assumption.°° However, 
endocrine findings are similar to the patient Kline- 
felter syndrome. Although it is possible that these 
patients may have enough AZF region loci to pro- 
duce sperm, as yet there have been no reports of 
sperm being isolated from an XX male.’ Although 
congenital unilateral absence of a testis (either 
secondary to malformation or in utero torsion) 
does not seem to affect fertility potential, there is 
some evidence to suggest that torsion later in life 
may adversely affect semen and testosterone 
parameters.®? 53 

Isolated deficiencies of FSH and LH have also 
been reported. Isolated LH deficiency is a rare 
condition that leads to eunuchoid body habitus, 
large testes, and small volume ejaculates that 
contain few spermatozoa. 1:54 Plasma testosterone 
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is low as expected, although FSH levels are 
normal. Isolated FSH deficiency is also a rare dis- 
order that leads to normal virilization and testos- 
terone levels with low levels of FSH and 
oligospermia or azoospermia. Potential causes 
can be an inherent FSH b-subunit deficiency, an 
idiopathic genetic defect, or excess inhibin B that 
is idiopathic or a result of a granulosa cell tu- 
mor.°?°° Some genetic causes of endocrine 
dysfunction are presented in Table 2. 


latrogenic Dysfunction 


Testicular dysfunction can occur because of 
inborn errors of growth and metabolism as out- 
lined earlier, or from iatrogenic injury. The most 
common form of testicular hypofunction is testos- 
terone replacement therapy. Although there are 
many commercially available forms of testos- 
terone replacement, the increase in serum testos- 
terone levels from any given therapy leads to direct 
inhibition of the HPG axis as well as indirect inhibi- 
tion through peripheral aromatization of estradiol 
as outlined earlier. Thus, the microenvironment of 
the testis is suboptimal for the growth and matura- 
tion of sperm. 

What is surprising is that testosterone replace- 
ment does not always lead to severe oligospermia 
or azoospermia,®” and therefore testosterone 
monotherapy is not completely effective as male 
birth control.” This may be due to sufficient 
endogenous testosterone production allowing for 
spermatogenesis in a few individuals. Some med- 
ications also have steroidomimetic effects. Spiro- 
nolactone may affect semen parameters through 
its antiandrogenic effects.” Opioids cause direct 
inhibition of the HPG axis and therefore can sup- 
press testosterone levels.©° Dose and duration ef- 
fects of spermatogenesis remain unclear.°' 
Phytoestrogens in foods such as soy likely do 
not play a significant role in oligospermia or azoo- 
spermia,°* although dietary testosterone replace- 
ment can.°° 

Testicular causes of androgen deficiency are 
rarely a direct consequence of nonhormonal med- 
ical treatment. Chemotherapy regimens are usu- 
ally unlikely to cause permanent dysfunction in 
the interstitium of the testis, as this represents 
the most resistant moiety of the testicular appa- 
ratus.' However, damage to the germinal epithe- 
lium can have more lasting effects. Previous 
testicular sperm extraction (TESE) or microTESE 
can lead to hypogonadism as a result of direct 
injury to the interstitium.°* This leads to further 
attenuation of the endocrine microenvironment 
within the testis, which can further decrease sperm 
counts. 
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Table 2 
Causes of genetic endocrine dysfunction 


Name Karyotype or Gene Endocrinopathy Fertility Phenotype 


Klinefelter syndrome 47 XXY Hypergonadotropic Nonobstructive Highly variable, mood/learning 
hypogonadism azoospermia disorders, eunuchoid habitus 
Noonan syndrome 46 XY Possible hypergonadotropic Diminished with Short stature, web bed neck, 
hypogonadism cryptorchidism congenital heart defects, 
learning problems 
Kallmann syndrome (or KAL1 (X-linked) Hypogonadotropic Azoospermia Midline facial defects, anosmia 
idiopathic hypogonadotropic FGFR1, PROKR2, PROK2 hypogonadism in Kallmann 
hypogonadism) (autosomal dominant) 
Congenital adrenal hyperplasia 21 hydroxylase deficiency Adrenal androgen excess, Variable fertility Infant salt-wasting syndromes, 
(most common) glucocorticoid deficiency virilization/precocious 
puberty 
Glutathione-Stransferases GSTs (GSTM 1, GSTT1, GSTP1) No known possible Possible idiopathic Variable susceptibility to toxins/ 
gene polymorphisms susceptibility infertility carcinogens 
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Obesity contributes to endocrine dysfunction in 
a variety of ways.°° Estrogen excess from periph- 
eral aromatization in adipose tissue can lead to a 
direct inhibitory effect on pituitary function and 
therefore spermatogenesis.’ Abnormalities in the 
metabolism of IGF-1 may lead to direct impair- 
ment in spermatogenesis. Other relaxin family 
peptides may also be attenuated in obesity, thus 
adding to direct inhibition of spermatogenesis.°’ 
Glucocorticoid excess, which can occur with 
certain forms of obesity, can lead to pituitary 
dysfunction among gonadotropes.®® This is usu- 
ally seen in the setting of Cushing syndrome, in 
which glucocorticoid excess can not only sup- 
press LH function but may also have a direct 
contributing role in hypospermatogenesis or matu- 
ration arrest.°° Obesity can also cause an increase 
of testicular temperature and, although not an 
endocrine source of dysfunction, this can lead to 
hypospermatogenesis nonetheless. ’° 

The complete list of medical conditions that 
can affect fertility is long. Any effect on vascular 
function can adversely affect testosterone levels 
and thus reflect the decreasing quality of the 
intratesticular environment, leading to a de- 
crease in semen parameters.”' It is unclear how 
some of these medications mediate endocrine 
dysfunction. ”? 


ENDOGENOUS INFLUENCES FROM OUTSIDE 
THE HPG AXIS 


In addition to the host of endogenous and exoge- 
nous factors listed earlier, there are endocrine 
factors beyond the HPG axis that may affect 
spermatogenesis. Although prolactin is part of a 
basic workup provided by some andrologists to 
evaluate endocrine dysfunction, clinically signifi- 
cant prolactin-secreting tumors in men are rare, 
with macroadenomas (greater than 1 cm) result- 
ing in prolactin levels typically greater than 
50 ng/mL.‘ The much more common mild in- 
crease in prolactin is of questionable significance, 
because it may be caused by medications as well 
as a host of medical conditions. Dopamine ago- 
nists can lead to significant increases in prolactin 
that may affect spermatogenic function.’* Thus, 
we do not recommend routinely checking prolac- 
tin levels in asymptomatic infertile men. 

Thyroid abnormalities have also been associ- 
ated with male infertility.” Proposed mechanisms 
include alterations in sex steroid metabolism, 
testicular and pituitary developmental abnormal- 
ities, changes in SHBG, and increased levels of 
estradiol.’ However, most men diagnosed with 
thyroid abnormalities do not have infertility, either 
before or after treatment.” There may be an 
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increase in abnormalities from hyperthyroidism 
versus hypothyroidism.” Congenital forms of se- 
vere hypothyroidism may lead to global develop- 
mental abnormalities and thus failure of proper 
development of the HPG axis.” Thyroid abnor- 
malities, if present, often lead to oligospermia 
and not azoospermia. 


Growth Hormone 


Although there has been an increase in the body of 
literature to suggest that GH may play a more sig- 
nificant role than previously imagined with endo- 
crine dysfunction in fertility, clinical data are 
lacking. Part of the difficulty in assessing GH has 
been the difficulty in identifying a reliable method 
of measuring secretion patterns as they may relate 
to fertility. ° However, measurement of IGF-1 
levels as a surrogate for GH activity does provide 
some insight. One study investigated initial GH 
treatment followed by a washout period, and sub- 
sequent treatment with pegvisomant (an IGF-1 in- 
hibitor). Results showed an initial increase in IGF-1 
and estradiol with GH, and decrease with pegvi- 
somant, which suggests that GH/IGF-1 may in- 
crease aromatase activity, and thus excess GH 
may actually inhibit spermatogenesis. Acro- 
megaly may inhibit spermatogenesis.°' However, 
larger studies are needed to elucidate the causal 
relationship, as relaxin family peptides have been 
shown to positively affect spermatogenesis as 
detailed earlier in the article. 


TREATM ENT 
Conservative Therapy 


Endocrine manipulation in male infertility starts 
with eliminating possible endocrine disruptors. 
On a population scale, there has been a large 
focus of research on micropollutants in the envi- 
ronment (common water supplies, food sources, 
and so forth) that may be contributing to an overall 
decline in population male fertility.°*°° These 
studies have largely focused on the elimination of 
steroid mimetics from common food and water 
supplies. It is unclear how big a role environ- 
mental endocrine disruptors play on a population 
scale, as there are conflicting data within certain 
populations about the decline of male fertility.°° 
On a population-based scale, elimination of the 
disruptors mentioned in the previous section may 
help endocrine dysfunction and overall fertility. 
However, on an individual scale, 1 of the more 
recent offenders has been the increase in phyto- 
estrogen use. Because many so-called testos- 
terone boosters have been more commercially 
available than in years past, the infertile patient 
must be queried about the use of these 
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nutriceuticals. Many commercially available die- 
tary supplements contain significant levels of 
plant phytoestrogens that are homologs of testos- 
terone and estrogen.®° Although no large study 
has been conducted to determine the overall ef- 
fects of steroidomimetic dietary boosters on 
male infertility, animal models have shown a 
dose-dependent relationship between dietary 
phytoestrogens and spermatogenesis.°° 

The most common endocrine disruptor studied 
in male fertility has been obesity.®” As detailed in 
the previous section, obesity causes multiple ef- 
fects on the endocrine system not limited to a sim- 
ple increase in estrogen. Weight loss theoretically 
can aid the many effects of obesity not limited to 
endocrine dysfunction, and can improve overall 
semen parameters.®° However, clinical data are 
lacking, as only small case series have demon- 
strated a reversible effect.°° With larger scale 
studies underway, more insight into the true 
benefit on overall fertility may be demonstrated.°° 

Thus, lifestyle modifications and elimination of 
exogenous steroids or steroidomimetics account 
for a significant part of an overall treatment pro- 
gram. It is important to do a thorough history to ac- 
count for dietary supplements as well as known 
androgen use, as many patients are simply un- 
aware of the effects of these supplements and 
therefore may not voluntarily admit to their use.°' 
Regardless, testosterone supplementation seems 
to be reversible. In 1 study, sperm counts returned 
to normal in 98% of men on testosterone undeco- 
noate at 12 months, and the rest in a 3-month 
follow-up window.°’ However, these studies are 
largely based on testosterone as a possible con- 
traceptive, and usually only on a 2- to 3-year win- 
dow of medication (30 months in Gu and 
colleagues’ study®’). This situation may not be 
representative of a population that was initially hy- 
pogonad before treatment and therefore possibly 
subfertile. Thus, the authors recommend concom- 
itant use of endocrine treatment as outlined in the 
next section and not simply cessation of the exog- 
enous testosterone. 


Table 3 
Simplified treatment scheme 


Condition 
Exogenous T, or Leydig cell tumor Y Y 


Hypogonadotropic hypogonadism Y Y 
(eg, Kallman) 


GnRH LH _ FSH 


Pituitary Stimulation 


As detailed earlier, the main treatment paradigm 
with regard to male fertility centers around the 
HPG axis. We use a morning endocrine profile us- 
ing testosterone, SHBG, albumin (the latter 2 to 
calculate bioavailable testosterone) as well as 
FSH, LH, and estradiol for reasons summarized 
in previous sections. Prolactin is sometimes as- 
sessed when history and physical examination 
dictate as detailed earlier. Likewise, if there is evi- 
dence of thyroid dysfunction by history and/or 
physical examination, then a thyroid panel is 
performed. 

Pituitary stimulation of the testis remains a main- 
stay of endocrine treatment. A simplified version of 
treatment is summarized in Table 3. Specific medi- 
cation choice depends on the hormone profile in 
the individual patient. Clomiphene and tamoxifen 
are selective estrogen receptor modifiers (SERMs) 
that are commonly used to treat endocrine 
dysfunction in male infertility.°? By allowing for se- 
lective inhibition of estrogen at the level of the pitu- 
itary, both FSH and LH levels increase. This 
subsequent increase in gonadotropic hormones 
leads to an increase in intratesticular testosterone 
and therefore a more favorable microenvironment 
within the testis for sperm growth and matura- 
tion.’ Thus, in patients with primary or secondary 
hypogonadism and oligospermia, clomiphene has 
been used as monotherapy in the hypogonadal 
male to achieve normal semen parameters and 
subsequent pregnancy.°* We suggest a starting 
dose of 25 mg daily that can be titrated up to 
100 mg daily pending morning endocrine measure- 
ments of testosterone. As clomiphene is normally 
distributed in 50-mg tablets, a starting dose of 
50 mg every other day is acceptable. Using criteria 
delineated in the previous section, a calculated 
bioavailable serum level of testosterone of 
210 ng/dL is used as a soft target for sufficient 
testosterone production in the testis but we only 
treat men who have a bioavailable testosterone 
level less than 155 ng/dL. 


Testosterone Treatment 


Remove source 
hCG/hMG 


Pituitary tumor (eg, prolactinoma) Y Y 


Testicular failure (eg, Klinefelter [ 
syndrome) 


Abbreviation: hMG, human menopausal gonadotropin. 


Cabergoline surgery 


Testosterone 
Fertility: consider anastrozole 


In patients with nonobstructive azoospermia 
(NOA), clomiphene has been used as well. Con- 
current increase in testosterone in the microenvi- 
ronment of the testis may lead to sufficient 
sperm in the ejaculate. In 1 study, clomiphene 
manipulation resulted in a 64.3% sperm retrieval 
rate in the ejaculate.°° However, other studies 
have failed to show an improvement.°° Evidence 
exists to support endocrine manipulation before 
TESE/microTESE to improve the overall success 
of the procedure. In 1 study, clomiphene adminis- 
tration resulted in a 57% yield with microTESE in 
affected patients.°’ 

Endogenous estrogens may limit the efficacy of 
clomiphene treatment, both by direct inhibition at 
the level of the pituitary and effects at the level of 
the testis, as delineated by Hussein and col- 
leagues.°” Aromatase inhibitors may be used in 
patients with a testosterone to estradiol ratio less 
than 10:1 and spermatogenic to counter direct 
estrogenic effects.°° Aromatase inhibitors, such 
as anastrazole, directly limit estrogen feedback 
to the pituitary, thus increasing production of 
FSH and LH. Aromatase inhibitors have been 
used successfully to increase testosterone pro- 
duction and increase spermatogenesis in carefully 
chosen individuals.°° Similar to clomiphene, in 
patients with NOA and hyperestrogenemia, endo- 
crine manipulation before TESE/microTESE has 
demonstrated increased yield of sperm.°° 

Because aromatase inhibitors directly decrease 
estradiol feedback to the pituitary and decrease 
estrogen load within the testes, they are used as 
first-line therapy for individuals with abnormal 
testosterone/estradiol ratios. However, as aroma- 
tase inhibitors have been associated with osteo- 
porosis in women, there is a theoretic increased 


Anastrozole, 


Testolactone, | __ 
Letrozole 


aromatase 


Anterior 


Pituitary 


Clomiphene, / 
Tamoxifen metabolites 


Testosterone < 
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risk with long-term use in the men because estra- 
diol levels may be more directly linked to osteo- 
porosis in men as well.'°°'°' Thus, we do not 
advocate use past a couple’s desired reproduc- 
tive years. Both clomiphene and aromatase inhib- 
itors are off-label uses for male fertility, although 
enclomiphene (a recently patented isomer of 
clomiphene) is in phase 3 trials for the treatment 
of hypogonadism while preserving fertility. 1°? 

As SERMs and aromatase inhibitors are effec- 
tive and relatively inexpensive, they constitute 
first-line agents for the treatment of endocrine 
dysfunction in the hypogonadal infertile male. 
However, in cases of true hypogonadotropic hy- 
pogonadism or in men with paradoxic decreases 
in testosterone with treatment, direct testos- 
terone stimulation may be necessary; this is usu- 
ally achieved with the LH homolog human 
chorionic gonadotropin (hCG). hCG 2000 IU sub- 
cutaneously 3 times a week is usually sufficient to 
achieve desired testosterone levels,'°° but a 
practical titration is up to 10,000 IU split 2 to 3 
times over the course of a week, because hCG 
is often dispensed in 10,000 IU vials. In acquired 
hypogonadotropic hypogonadism, hCG may be 
sufficient to induce spermatogenesis.'°* How- 
ever, in congenital forms, a 6-month titration is 
often followed by use of recombinant FSH 
(rFSH) or an FSH analogue human menopausal 
gonadotropin.'°° The usual dose is 37.5 IU or 
75 IU 3 times a week as the usual metered vial 
contains 75 IU. Even in acquired hypogonado- 
tropic hypogonadism, however, combination 
hCG/FSH analogues may be more effective 
than hCG alone in stimulating spermatogen- 
esis.'°° The sites of action of various treatments 
are presented in Fig. 3. 


Fig. 3. Stes of action of treatment. hMG, human menopausal gonadotropin. 
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Aside effect profile of medications is provided in 
Table 4. Laboratory tests are usually checked 
2 weeks after initiation of treatment.°? It is particu- 
larly important to check testosterone, bioavailable 
testosterone, and estradiol to determine the effi- 
cacy of treatment, and determine the need to 
add adjuvant therapy. According to the Endocrine 
Society Guideline, any male receiving testosterone 
replacement therapy should have prostate- 
specific antigen (PSA) and hemoglobin levels 
checked every 3 to 6 months after initiation of 
treatment for the first 2 years of treatment, as 
well as yearly liver enzymes, and every 6 to 
12 months thereafter.'°’ We thus check PSA and 
hemoglobin every 4 months for the first year as 
well as testosterone and estradiol (if on an aroma- 
tase inhibitor) to assess treatment response. Lab- 
oratory tests are checked every 4 months for 
1 year, and then annually thereafter for mainte- 
nance surveillance. Semen analyses are initially 
checked at 3 months after treatment, as outlined 
earlier. A treatment algorithm is presented in 
Fig. 4. 


FUTURE THERAPY 


An understanding of the genetic underpinnings of 
male androgenic hormonal dysfunction will likely 
be the key to unlocking targeted therapies for idio- 
pathic male infertility. Rapid advances in third- 


Table 4 
Treatments and side effects 


Type Name 


generation and fourth-generation sequencing 
technology as well as robust epidemiologic data- 
bases that can leverage pharmacogenetic data 
to understand how an individual’s genetic profile 
determines response to therapy may allow us 
leverage gene therapy and individualized hormon- 
al replacement to guide therapy for the infertile 
male. 


Gene Therapy 


Gene therapy is 1 of the frontiers of modern med- 
icine. A viral vector can be used as a delivery de- 
vice to reconstitute a key missing promoter 
sequence encoding a vital protein for cellular func- 
tion. Although a detailed discussion on the molec- 
ular mechanisms involved with different vectors is 
beyond the scope of this review, successful trans- 
fer of genetic material in murine testicular lines has 
been achieved.'°° Currently, the limiting factor in 
the evolution of gene therapy for the infertile 
male is our rather pedestrian knowledge of the 
genetic loci involved in spermatogenesis. ‘°° 
Furthermore, gene therapy will also require 
target-specificity within the testis, as it may be 
difficult to affect testis and/or spermatozoa 
without affecting the germline.''° Although still in 
its infancy, gene therapy could potentially facilitate 
sperm production in azoospermic men. 

The seminiferous tubule is also an immune priv- 
ileged site.’ Testis immune privilege is important 


Side Effects 


SERMs Clomiphene citrate Induces an increase in blood pressure; permanent and 
irreversible hair loss; severe depression and anxiety 


Headaches; nausea; blood clots; lowered libido 


Bone thinning and weakening; bone and joint pain; 
nausea; hot flashes; weakness; fatigue 

Bone pain; excessive nausea, vomiting, or thirst 

Dizziness, fatigue, and hot flashes; muscle and joint 
pain; significant decrease in sex drive; decreases the 
levels of good HDL cholesterol and increase levels of 
bad LDL cholesterol; osteoporosis 


Blood clots; early puberty in boys; headache; swelling 
or weight gain; irritability; and depression 
rFSH Headache; nausea; vomiting; mild stomach/abdominal 
pain; bloating; redness/pain at the injection site; or 
breast tenderness/pain 
hMG Marked enlargement to the breasts and an 
uncomfortable enlargement of the prostate; nausea; 
acne; hair loss; fatigue; mood changes 
Acne; enlargement of penisand testes; growth of pubic 
hair; increase in height (rapid) 


Tamoxifen 


Aromatase inhibitors Anastrozole 


Testolactone 
Letrozole 


Gonadotropins hCG 


Menotropins 


Abbreviations: HDL, high-density lipoprotein; hMG, human menopausal gonadotropin; LDL, low-density lipoprotein. 
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Algorithm for Endocrine Manipulation in Male Infertility 


Morning Endocrine Profile (serum labs before 10 AM) 


— LH, FSH, Testosterone (T), sex-hormone binding globulin, albumin (the latter two to calculate bioavailable 
testosterone), estradiol 


— prolactin if symptomatic 


Bioavailable testosterone (BAT) 
<210 ng/dl, T:E2 ratio <1:10 


Congenital or acquired 
ypogonadotropic 

pogonadism 
SERM (e.g. domiphene 25 
mg daily, titrate q 2 weeks 
to achieve BAT by 50 
mg increments up to 100 
mg daily) 


razole 1 mg 
|, recheck T, E2 2 


Recheck Semen 
analysis 3 months 


HOG 2000 IU 3x/ 
titrated up to 10000 
IU/week 
® Consider hMG/rFSH 
75 IU 3x/week 


BAT <210 ng/dL, T:E2>1:10 


Symptomatic 
prolactinemia, 
prolactin>50 ng/ml 


MRI brain r/o 
macroadenoma, 
stop dopamine 
agonist if possible 


Empiric Treat 
domiphene thyroid 


25 mg daily dysfunction 


MRI negative or not 
operative canddate 


Cabergoline 0.25 mg 
twice/week to max dose 1 
mg 2x/week 
m Alt: aromatase 
inhibitor or SERM 


Fig. 4. Algorithm for treatment of endocrine dysfunction. E2, estradiol; ICS, intracytoplasmic sperm injection; 


MRI, magnetic resonance imaging. 


for preventing a detrimental immune response 
against the autoimmunogenic germ cells.'°° 
Because of the special tolerogenic properties of 
Sertoli cells, they have been used as a model for 
cell-based gene therapy not limited to the 
testis.‘'’ Although this makes the Sertoli cell an 
ideal candidate for cell-based gene therapy, it 
also can be genetically engineered for reimplanta- 
tion within the testis for xenogenic transplantation 
that may one day pave the road for optimizing 
local paracrine and global hormonal response in 
the testis. 117112 


Autologous Hormone Replacement 


The possible in vivo models of testosterone 
replacement are another promising frontier in 
male infertility that may eventually aid in spermato- 
genesis. The development of tissue-engineered 
testicular prosthesis, which can slowly release 
testosterone by forming a scaffolding of cartilage 
and injecting testosterone periodically within the 
prosthesis, has already been demonstrated as 
viable in mice models. ''* 

Gonadocytes by definition are a natural popula- 
tion of theoretically immortal cell lines that are 


essential for normal testicular function. The other 
natural advantage of the testis is the germinal ep- 
ithelia’s immune privileged status, as detailed 
earlier. This allows for recent success with tissue 
grafting and spermatogonial stem cell transplanta- 
tion.114 With advances in the ability to identify 
native gonadocytes in the azoospermic male, ‘'® 
it may be possible to create an adequate scaf- 
folding and hormone milieu to reimplant in a 
more favorable testicular environment for autolo- 
gous spermatogenesis. 


SUMMARY 


Endocrine dysfunction plays a critical role in the 
infertile male. Understanding of traditional HPG 
axis hormones, as well as other hormonal axes, 
is vital for the reproductive urologist to have a clear 
understanding of how to improve clinical out- 
comes. Therapy focuses on intratesticular testos- 
terone production and elimination of endocrine 
disruptors. With greater understanding of novel 
hormone systems, future therapies may be devel- 
oped to improve outcomes further. Microbiolog- 
ical techniques may lead to the next quantum 
leap in treatment, fulfilling the dream of sustained 
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intratesticular hormone production that may elimi- 
nate the need for medications to treat dysfunction 
or azoospermia. 


REFERENCES 


1; 


Sigman M, Jarrow JP. Male infertility. In: Wein AJ, 
Kavoussi LR, Novick AC, et al, editors. Campbell- 
Walsh urology, vol. |, 10th edition. Saunders Elsev- 
ier Press; 2007. p. 609-53, 6. 


. Krausz C. Male infertility: pathogenesis and clinical 


diagnosis. Best Pract Res Clin Endocrinol Metab 
2011;25(2):271-85. 


. Liu PY, Handelsman DJ. The present and future 


state of hormonal treatment for male infertility. 
Hum Reprod Update 2003;9(1):9-23. 


. O'Shaughnessy PJ, Verhoeven G, De Gendt K, 


et al. Direct action through the Sertoli cells is 
essential for androgen stimulation of spermatogen- 
esis. Endocrinology 2010;151(5):2343-8. 


. Coviello AD, Bremner WJ, Matsumoto AM, et al. In- 


tratesticular testosterone concentrations compara- 
ble with serum levels are not sufficient to maintain 
normal sperm production in men receiving a hor- 
monal contraceptive regimen. J Androl 2004; 
25(6):931-8. 


. Kim H, Schlegal P. Endocrine manipulation in male 


infertility. Urol Clin North Am 2008;35(2):303-18. 


. Baker HW, Santen RJ, Burger HG, et al. Rhythms in 


the secretion of gonadotropins and gonadal ste- 
roids. J Steroid Biochem 1975;6(5):793-801. 


. Gonzales GF, Risbridger GP, de Krester DM. In vivo 


and in vitro production of inhibin by cryptorchid 
testes from adult rats. Endocrinology 1989;124(4): 
1661-8. 


. Meehan T, Schlatt S, O’Bryan MK, et al. Regulation 


of germ cell and Sertoli cell development by acti- 
vin, follistatin, and FSH. Dev Biol 2000;220(2): 
225-37. 


. Anderson RA, Evans LW, Irvine DS, et al. Follistatin 


and activin A production by the male reproductive 
tract. Hum Reprod 1998;13(12):3319-25. 


. Levallet J, Pakarinen P, Huhtaniemi IT. Follicle-stim- 


ulating hormone ligand and receptor mutations, 
and gonadal dysfunction. Arch Med Res 1999; 
30(6):486-94. 


. Gerlo S, Davis JR, Mager DL, et al. Prolactin in 


man: a tale of two promoters. Bioessays 2006; 
28(10):1051-5. 


. Mangurian LP, Walsh RJ, Posner BI. Prolactin 


enhancement of its own uptake at the choroids 
plexus. Endocrinology 1992;131(2):698-702. 


. Grattan DR. The actions of prolactin in the brain 


during pregnancy and lactation. Prog Brain Res 
2001;133:153-71. 


. Aleem M, Padwal V, Choudhary J, et al. Sperm 


protamine levels as indicators of fertilising potential 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


in sexually mature male rats. Andrologia 2008; 
40(1):29-37. 


. Gill-Sharma MK. Prolactin and male fertility: the 


long and short feedback regulation. Int J Endocri- 
nol 2009;2009:687259. 


. Jain SK, Zelena D. Role of ionotropic glutamate 


receptors in the control of prolactin secretion by 
other neurotransmitters and neuropeptides at 
the level of the pituitary. Endocr Regul 2013; 
47(2):65-74. 


. Galdiero M, Pivonello R, Grasso LF, et al. Growth 


hormone, prolactin, and sexuality. J Endocrinol 
Invest 2012;35(8):782-94. 


. Melmed S, Polonsky KS, Larsen PR. Williams 


Textbook of Endocrinology. Philadelphia: Elsevier 
Saunders; 2011. 

Wren AM, Small CJ, Ward HL, et al. The novel hy- 
pothalamic peptide ghrelin stimulates food intake 
and growth hormone secretion. Endocrinology 
2000;141(11):4325-8. 

Meinhardt UJ, Ho KK. Modulation of growth hor- 
mone action by sex steroids. Clin Endocrinol 
(Oxf) 2006;65(4):413-22. 

Addison ML, Rissman EF. Sexual dimorphism of 
growth hormone in the hypothalamus: regulation 
by estradiol. Endocrinology 2012;153(4):1898-907. 
Scarth JP. Modulation of the growth hormone-insulin- 
like growth factor (GH-IGF) axis by pharmaceutical, 
nutraceutical and environmental xenobiotics: an 
emerging role for xenobiotic-metabolizing enzymes 
and the transcription factors regulating their expres- 
sion. A review. Xenobiotica 2006;36(2-3):119-218. 
Wong AO, Zhou H, Jiang Y, et al. Feedback regu- 
lation of growth hormone synthesis and secretion 
in fish and the emerging concept of intrapituitary 
feedback loop. Comp Biochem Physiol A Mol In- 
tegr Physiol 2006;144(3):284-305. 

Ivell R, Kotula-Balak M, Glynn D, et al. Relaxin fam- 
ily peptides in the male reproductive system—a 
critical appraisal. Mol Hum Reprod 2011;17:71-84. 
Anand-lvell R, Dai Y, Ivell R. Neohormones as bio- 
markers of reproductive health. Fertil Steril 2013; 
99(4):1153-60. 

Ivell R, Anand-lvell R. The biology of insulin-like 
factor 3 (INSL3) in human reproduction. Hum Re- 
prod Update 2009;15:463-76. 

Anand-lvell R, Heng K, Hafen B, et al. Dynamics of 
INSL3 peptide expression in the rodent testis. Biol 
Reprod 2009;81:480-7. 

Burnicka-Turek O, Mohamed BA, Shineshan K, 
et al. INSL5-deficient mice display an alteration in 
glucose homeostasis and an impaired fertility. 
Endocrinology 2012;153:4655-65. 


. Burnicka-Turek O, Shirneshan K, Paprotta |, et al. 


Inactivation of insulin-like factor 6 disrupts the pro- 
gression of spermatogenesis at late meiotic pro- 
phase. Endocrinology 2009;150:4348-57. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


45. 


Payne CJ. Cycling to and from a stem cell niche: 
the temporal and spatial odyssey of mitotic male 
germ cells. Int J Dev Biol 2013;57(2-4):169-77. 
Pointis G, Gilleron J, Carette D, et al. Testicular 
connexin 43, a precocious molecular target for 
the effect of environmental toxicants on male 
fertility. Spermatogenesis 2011;1(4):303-17. 
O'Donnell AB, Travison TG, Harris SS, et al. Testos- 
terone, dehydroepiandrosterone, and physical 
performance in older men: results from the Massa- 
chusetts Male Aging Study. J Clin Endocrinol 
Metab 2006;91(2):425-31. 

Selby C. Sex hormone binding globulin: origin, 
function and clinical significance. Ann Clin Bio- 
chem 1990;27:532-41. 

Ashok S, Sigman M. Bioavailable testosterone 
should be used for the determination of androgen 
levels in infertile men. J Urol 2007;177(4):1443-6. 
Moreno SA, Shyam A, Morgentaler A. Comparison 
of free testosterone results by analog radioimmu- 
noassay and calculated free testosterone in an 
ambulatory clinical population. J Sex Med 2010; 
7(5):1948-53. 

Lazarou S, Reyes-Vallejo L, Morgentaler A. Wide 
variability in laboratory reference values for serum 
testosterone. J Sex Med 2006;3(6):1085-9. 

Collier CP, Clark AF, Bain J, et al. Functional testos- 
terone: biochemical assessment of hypogonadism 
in men-report from a multidisciplinary workshop 
hosted by the Ontario Society of Clinical Chemists. 
Aging Male 2007;10(4):211-6. 

Cangemi R, Friedmann AJ, Holloszy JO, et al. 
Long-term effects of calorie restriction on serum 
sex-hormone concentrations in men. Aging Cell 
2010;9(2):236-42. 

Wylie K, Froggatt N. Late onset hypogonadism, 
sexuality and fertility. Hum Fertil (Camb) 2010; 
13(3):126-33. 

Das M, Al-Hathal N, San-Gabriel M, et al. High 
prevalence of isolated sperm DNA damage in infer- 
tile men with advanced paternal age. J Assist 
Reprod Genet 2013;30(6):843-8. 

Garry PJ, Wayne SJ, Vellas B. The New Mexico ag- 
ing process study (1979-2003). A longitudinal 
study of nutrition, health and aging. J Nutr Health 
Aging 2007;11(2):125-30. 

Zitzmann M. Testosterone deficiency, insulin resis- 
tance and the metabolic syndrome. Nat Rev Endo- 
crinol 2009;5(12):673-81. 


. Duke VM, Winyard PJ, Thorogood P, et al. KAL, a 


gene mutated in Kallmann’s syndrome, is ex- 
pressed in the first trimester of human develop- 
ment. Mol Cell Endocrinol 1995;110(1-2):73-9. 

Layman LC, Cohen DP, Xie J, et al. Clinical 
phenotype and infertility treatment in a male with 
hypogonadotropic hypogonadism due to muta- 
tions Ala129Asp/Arg262GIn of the gonadotropin- 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


55. 


56. 


57. 


58. 


59. 


60. 


Male Endocrine Dysfunction 


releasing hormone receptor. Fertil Steril 2002; 
78(6):1317-20. 

Trussell JC. Male reproductive endocrinology: 
when to replace gonadotropins. Semin Reprod 
Med 2013;31(4):237-44. 

Augarten A, Weissenberg R, Pariente C, et al. 
Reversible male infertility in late onset congenital 
adrenal hyperplasia. J Endocrinol Invest 1991; 
14(3):237—-40. 

Aksglaede L, Juul A. Testicular function and fertility 
in men with Klinefelter syndrome: a review. Eur J 
Endocrinol 2013;168(4):R67-76. 

Okada H, Fujioka H, Tatsumi N, et al. Klinefelter's 
syndrome in the male infertility clinic. Hum Reprod 
1999;14(4):946-52. 

Lopez M, Torres L, Méndez JP, et al. Clinical traits 
and molecular findings in 46, XX males. Clin Genet 
1995;48(1):29-34. 

Ravizzini P. Microdissection testicular sperm 
extraction and IVF-ICSI outcome in nonobstructive 
azoospermia. Andrologia 2008;40(4):219-26. 
Ozkan KU, Küçükaydin M, Muhtarogid S, et al. 
Evaluation of contralateral testicular damage after 
unilateral testicular torsion by serum inhibin B 
levels. J Pediatr Surg 2001;36(7):1050-3. 

Romeo C, Impellizzeri P, Arrigo T, et al. Late hor- 
monal function after testicular torsion. J Pediatr 
Surg 2010;45(2):411-3. 


. Faiman C, Hoffman DL, Ryan RJ, et al. The 


“fertile eunuch” syndrome: demonstration of iso- 
lated luteinizing hormone deficiency by radioim- 
munoassay technique. Mayo Clin Proc 1968; 
43(9):661-7. 

Lofrano-Porto A, Casulari LA, Nascimento PP, et al. 
Effects of follicle-stimulating hormone and human 
chorionic gonadotropin on gonadal steroidogene- 
sis in two siblings with a follicle-stimulating hor- 
mone beta subunit mutation. Fertil Steril 2008; 
90(4):1169-74. 

Alexiev BA, Alaish SM, Sun CC. Testicular juvenile 
granulosa cell tumor in a newborn: case report 
and review of the literature. Int J Surg Pathol 
2007;15(3):321-5. 

Gu Y, Liang X, Wu W, et al. Multicenter contracep- 
tive efficacy trial of injectable testosterone undeca- 
noate in Chinese men. J Clin Endocrinol Metab 
2009;94:1910-5. 

Wang C, Leung A, Superlano L, et al. Oligozoo- 
spermia induced by exogenous testosterone is 
associated with normal functioning residual sper- 
matozoa. Fertil Steril 1997;68:149-53. 

Patel ZP, Niederberger CS. Male factor assess- 
ment in infertility. Med Clin North Am 2011;95(1): 
223-34. 

Smith HS, Elliott JA. Opioid-induced androgen defi- 
ciency (OPIAD). Pain Physician 2012;15(Suppl 3): 
ES145-56. 


51 


52 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


75. 


76. 


tls 


Hotaling & Patel 


Fronczak CM, Kim ED, Barqawi AB. The insults of 
illicit drug use on male fertility. J Androl 2012; 
33(4):515-28. 

Beaton LK, McVeigh BL, Dillingham BL, et al. Soy 
protein isolates of varying isoflavone content do 
not adversely affect semen quality in healthy young 
men. Fertil Steril 2010;94(5):1717-22. 

Giwercman A. Estrogens and phytoestrogens in 
male infertility. Curr Opin Urol 2011;21(6):519-26. 
Oliveira Filho AB, Souza RS, Azeredo-Oliveira MT, 
et al. Microdissection testicular sperm extraction 
causes spermatogenic alterations in the contralat- 
eral testis. Genet Mol Res 2010;9(3):1405-13. 
Hammoud AO, Gibson M, Peterson CM, et al. 
Impact of male obesity on infertility: a critical re- 
view of the current literature. Fertil Steril 2008; 
90(4):897-904. 

Hassan A, Abo-Azma SM, Fayed SM, et al. Seminal 
plasma cotinine and insulin-like growth factor-I in 
idiopathic oligoasthenoteratozoospermic smokers. 
BJU Int 2009;103(1):108-11. 

Halls ML, van der Westhuizen ET, Bathgate RA, 
et al. Relaxin family peptide receptors—former 
orphans reunite with their parent ligands to activate 
multiple signalling pathways. Br J Pharmacol 2007; 
150(6):677-91. 

Arai K, Chrousos GP. Syndromes of glucocorticoid 
and mineralocorticoid resistance. Steroids 1995; 
60(1):173-9. 

Gabrilove JL, Nicolis GL, Sohval AR. The testis in 
Cushing’s syndrome. J Urol 1974;112(1):95-9. 
Dupont C, Faure C, Sermondade N, et al. Obesity 
leads to higher risk of sperm DNA damage in infer- 
tile patients. Asian J Androl 2013;15:622-5. 

Morris PD, Channer KS. Testosterone and cardio- 
vascular disease in men. Asian J Androl 2012; 
14(3):428-35. 

Reis AB, Araujo FC, Pereira VM, et al. Angiotensin 
(1-7) and its receptor Mas are expressed in the 
human testis: implications for male infertility. J Mol 
Histol 2010;41(1):75-80. 

Mancini T, Casanueva FF, Giustina A. Hyperprolac- 
tinemia and prolactinomas. Endocrinol Metab Clin 
North Am 2008;37(1):67-99. 

Bolyakov A, Paduch DA. Prolactin in men’s 
health and disease. Curr Opin Urol 2011;21(6): 
527-34. 

Rajender S, Monica MG, Walter L, et al. Thyroid, 
spermatogenesis, and male infertility. Front Biosci 
(Elite Ed) 2011;3:843-55. 

Clyde HR, Walsh PC, English RW. Elevated plasma 
testosterone and gonadotropin levels in infertile 
males with hyperthyroidism. Fertil Steril 1976; 
27(6):662-6. 

Krassas GE, Perros P. Thyroid disease and male 
reproductive function. J Endocrinol Invest 2003; 
26(4):372-80. 


79. 


80. 


81. 


82. 


83. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


. Krassas GE, Pontikides N. Male reproductive func- 


tion in relation with thyroid alterations. Best Pract 
Res Clin Endocrinol Metab 2004;18(2):183-95. 
Shoham Z, Zalel Y, Jacobs HS. The role of growth 
hormone in male infertility. Clin Endocrinol (Oxf) 
1994;41(1):1-5. 

Andreassen M, Frystyk J, Faber J, et al. Growth 
hormone (GH) activity is associated with increased 
serum oestradiol and reduced anti-Mullerian hor- 
mone in healthy male volunteers treated with 
GH and a GH antagonist. Andrology 2013;1(4): 
595-601. 

Auger J, Kunstmann JM, Czyglik F, et al. Decline in 
semen quality among fertile men in Paris during the 
past 20 years. N Engl J Med 1995;332(5):281-5. 
Sikka SC, Wang R. Endocrine disruptors and estro- 
genic effects on male reproductive axis. Asian J 
Androl 2008; 10(1):134—-45. 

Rossi L, Queloz P, Brovelli A, et al. Enhancement of 
micropollutant degradation at the outlet of small 
wastewater treatment plants. PLoS One 2013; 
8(3):e58864. 


. Andolz P, Bielsa MA, Vila J. Evolution of semen 


quality in north-eastern Spain: a study in 22,759 
infertile men over a 36 year period. Hum Reprod 
1999;14(3):731-5. 

Cavalcanti Gde A, Leal FD, Garrido BC, et al. 
Detection of designer steroid methylstenbolone 
in “nutritional supplement” using gas chromatog- 
raphy and tandem mass spectrometry: elucida- 
tion of its urinary metabolites. Steroids 2013; 
78(2):228-33. 

MeiH, Walters C, Carter R, et al. Gpr54-/- mice show 
more pronounced defects in spermatogenesis than 
Kiss1-/- mice and improved spermatogenesis with 
age when exposed to dietary phytoestrogens. 
Reproduction 201 1;141(3):357-66. 

Hammoud AO, Meikle AW, Reis LO, et al. Obesity 
and male infertility: a practical approach. Semin 
Reprod Med 2012;30(6):486-95. 

Sermondade N, Massin N, Boitrelle F, et al. Sperm 
parameters and male fertility after bariatric surgery: 
three case series. Reprod Biomed Online 2012; 
24(2):206-10. 

Reis LO, Dias FG. Male fertility, obesity, and bariat- 
ric surgery. Reprod Sci 2012;19(8):778-85. 
Savastano S, Di Somma C, Pivonello R, et al. Endo- 
crine changes (beyond diabetes) after bariatric 
surgery in adult life. J Endocrinol Invest 2013; 
36(4):267-79. 

Boos CJ, Simms P, Morris FR, et al. The use of 
exercise and dietary supplements among British 
soldiers in Afghanistan. J R Army Med Corps 
2011;157(3):229-32. 

Sussman EM, Chudnovsky A, Niederberger CS. 
Hormonal evaluation of the infertile male: has it 
evolved? Urol Clin North Am 2008;35(2):147-55. 


93. 


94. 


95. 


96. 


97. 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


Hill CM, Anway MD, Zirkin BR, et al. Intratesticular 
androgen levels, androgen receptor localization, 
and androgen receptor expression in adult rat 
Sertoli cells. Biol Reprod 2004;71(4):1348-58. 
Weeg N, Shalom-Paz E, Wiser A. Age and infertility: 
the clinical point of view. Minerva Ginecol 2012; 
64(6):477-83. 

Hussein A, Ozgok Y, Ross L, et al. Clomi- 
phene administration for cases of nonobstructive 
azoospermia: a multicenter study. J Androl 2005; 
26(6):787-91. 

Reifsnyder JE, Ramasamy R, Husseini J, et al. 
Role of optimizing testosterone before microdis- 
section testicular sperm extraction in men with 
nonobstructive azoospermia. J Urol 2012;188(2): 
532-6. 

Hussein A, Ozgok Y, Ross L, et al. Optimization of 
spermatogenesis-regulating hormones in patients 
with non-obstructive azoospermia and its impact 
on sperm retrieval: a multicentre study. BJU Int 
2013;111(3 Pt B):E110-4. 

Pavlovich CP, King P, Goldstein M, et al. Evidence 
of a treatable endocrinopathy in infertile men. 
J Urol 2001;165:837-41. 

Raman JD, Schlegel PN. Aromatase inhibitors for 
male infertility. J Urol 2002;167:624-9. 

Becker T, Lipscombe L, Narod S, et al. Systematic 
review of bone health in older women treated with 
aromatase inhibitors for early-stage breast cancer. 
J Am Geriatr Soc 2012;60(9):1761-7. 

Baykan EK, Erdogah M, Ozen S, et al. Aromatase 
deficiency, a rare syndrome: case report. J Clin 
Res Pediatr Endocrinol 2013;5(2):129-32. 
Available at: reprosrx.com/androxal.php. Ac- 
cessed June 1, 2013. 

Vicari E, Mongioi A, Calogero AE, et al. Therapy 
with human chorionic gonadotrophin alone induces 
spermatogenesis in men with isolated hypogona- 
dotrophic hypogonadismong-term follow-up. Int 
J Androl 1992;15(4):320-9. 

Kliesch S, Behre HM, Nieschlag E. High efficacy of 
gonadotropin or pulsatile gonadotropin-releasing 
hormone treatment in hypogonadotropic hypogo- 
nadal men. Eur J Endocrinol 1994;131(4):347-54. 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


Male Endocrine Dysfunction 


Burgués S, Calderon MD. Subcutaneous self- 
administration of highly purified follicle stimulating 
hormone and human chorionic gonadotrophin for 
the treatment of male hypogonadotrophic hypogo- 
nadism. Spanish Collaborative Group on Male 
Hypogonadotropic Hypogonadism. Hum Reprod 
1997;12(5):980-6. 

Yang L, Zhang SX, Dong Q, et al. Application of 
hormonal treatment in hypogonadotropic hypogo- 
nadism: more than ten years experience. Int Urol 
Nephrol 2012;44(2):393-9. 

Bhasin S, Cunningham GR, Hayes FJ, et al, Task 
Force, Endocrine Society. Testosterone therapy in 
men with androgen deficiency syndromes: an 
Endocrine Society clinical practice guideline. 
J Clin Endocrinol Metab 2010;95(6):2536-59. 
Kojima Y, Kurokawa S, Mizuno K, et al. Gene trans- 
fer to sperm and testis: future prospects of gene 
therapy for male infertility. Curr Gene Ther 2008; 
8(2):121-34. 

Parrington J, Coward K, Gadea J. Sperm and testis 
mediated DNA transfer as a means of gene ther- 
apy. Syst Biol Reprod Med 2011;57(1-2):35-42. 
Barker CF, Billingham RE. Immunologically privi- 
leged sites. Adv Immunol 1977;25:1-54. 

Kaur G, Long CR, Dufour JM. Genetically engi- 
neered immune privileged Sertoli cells: a new 
road to cell based gene therapy. Spermatogenesis 
2012;2(1):23-31. 

Mital P, Kaur G, Dufour JM. Immunoprotective Sertoli 
cells: making allogeneic and xenogeneic transplan- 
tation feasible. Reproduction 2010; 139(3):495-504. 
Raya-Rivera AM, Baez C, Atala A, et al. Tissue engi- 
neered testicular prostheses with prolonged testos- 
terone release. World J Urol 2008;26(4):351-8. 

Van Saen D, Goossens E, De Block G. Regenera- 
tion of spermatogenesis by grafting testicular tis- 
sue or injecting testicular cells into the testes of 
sterile mice: a comparative study. Fertil Steril 
2009;91 (Suppl 5):2264-72. 

Izadyar F, Wong J, Maki C, et al. Identification and 
characterization of repopulating spermatogonial 
stem cells from the adult human testis. Hum Re- 
prod 2011;26(6):1296-306. 


53 


Lifestyle, Environment, and 
Male Reproductive Health 


Yagil Barazani, MD°, Benjamin Farrel Katz, MD”, 
Harris Mark Nagler, MD°, Doron Sol Stember, mD®* 


KEYWORDS 


Elifestyle [EMale fertility. [Environment [Ekeproduction [E$emen analysis E$perm parameters 


KEY POINTS 


tion, and airborne pollution levels. 


[trends that may negatively affect male fertility include increased cell phone use, obesity rates, 
opioid and marijuana use, and global surface temperature. 
Erends that may positively affect male fertility include decreased cigarette use, alcohol consump- 


Et is important for providers and patients to recognize and manage modifiable risk factors that can 


improve fertility potential for men. 


INTRODUCTION 


Reports of decreasing semen quality have prom- 
pted interest in the potential impact of environ- 
ment and lifestyle on male reproductive potential. 
Over the past 40 years there have been dramatic 
changes in factors that have been potentially 
associated with changes in semen parameters. 
These factors include the introduction and rapid 
growth of cell phone use, a steep increase in 
consumption of opioids and marijuana, and the 
increase in the worldwide population of cigarette 
smokers.* Moreover, obesity rates have rapidly 
increased? and physical activity rates and levels 
of environmental pollution have decreased.* 
Meanwhile, global surface temperatures have in- 
creased substantially.° 

This article reviews the putative effects that 
personal health factors (diet, exercise, obesity, 
and psychological stress), substances of abuse 
(alcohol, cigarettes, marijuana, anabolic steroids, 
and opiates), and environmental factors (radiofre- 
quency electromagnetic radiation, pollution, and 
heat) may have on semen parameters and male 
fertility. It also reviews trends over time for each 


factor and extrapolates to make predictions 
regarding the likely impact of these factors on 
male fertility 20 years from now. 


PERSONAL HEALTH FACTORS 


Several factors relating to general health and 
well-being have been extensively studied for their 
effects on male reproductive potential, including 
diet, exercise, obesity, and psychological stress. 


Diet 


Evidence suggests that male fertility (as well as 
female fertility) is decreased by men being either 
overweight or underweight (as defined by body 
mass index [BMI]>25 kg/m? and BMI<20 kg/m?, 
respectively). Healthy diet and regular exercise 
are therefore both recommended to maintain 
BMI between 20 and 25 kg/m?. 

Dietary fat has been shown to adversely affect 
semen quantity and quality.’ A recent study of 
222 healthy men recorded diet, semen analysis 
(SA), physical examination, and BMI. Diets catego- 
rized as high in fish, fruit, vegetables, legumes, and 
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whole grains were associated with significantly 
better sperm motility compared with diets catego- 
rized as high in red meat, processed meat, pizza, 
sugary drinks, and sweets. Other semen parame- 
ters were similar between groups. A similar small 
study of 30 infertile men who presented to a repro- 
duction clinic found that these men had diets lower 
in fruits and vegetables, and higher in red meat 
and milk intake, compared with fertile controls.® 
To further define the relationship of fat intake 
with decreased SA parameters, Attaman and 
colleagues? reported that men with high dietary 
saturated fat had decreased total sperm count 
and sperm density. However, omega-3 fats were 
shown to be positively correlated with healthy 
sperm morphology. More recent data have con- 
firmed that omega-3, as well as omega-6, fatty 
acid intake is associated with improved total 
sperm count, semen motility, and morphology. '° 
In addition to dietary fat causing adverse semen 
parameters, reactive oxygen species (ROS) have 
been reported to decrease sperm-oocyte fusion 
and loss of semen motility. A 2010 meta-analysis 
reviewed 17 randomized trials of oral antioxidant 
supplementation (vitamins C and E, zinc, sele- 
nium, folate, carnitine, and carotenoids) on preg- 
nancy rate and semen parameters. Most of the 
included studies (82%) showed either or both of 
an increase in sperm quality or pregnancy rates af- 
ter oral induction of antioxidant therapy.'' Specific 
effective antioxidants include carnitine, vitamin C, 
glutathione, selenium, and coenzyme Q10. ‘2 
Studies on the effect of caffeine on fertility reach 
varied conclusions. A large Danish study of more 
than 2500 men correlated caffeine intake with 
semen quality and found that high caffeine intake 
(defined as >800 mg/d) was associated with 
decreased sperm concentration and total sperm 
count compared with non-caffeine drinkers. 1° 
Phytoestrogens or xenoestrogens are plant- 
derived nonsteroidal compounds that can mimic hu- 
man estradiol (E2) and bind to estrogen receptors. ' 
Soy, legumes, and soy-based foods such as tofu, 
soya beans, oils, and seeds have been shown to 
adversely affect multiple SA parameters and sper- 
matogenesis.'° In contrast, another study found 
that low or high intake of soy protein had no effects 
on semen parameters.'° The paucity of well- 
designed human studies on male infertility in relation 
to phytoestrogens makes drawing conclusions 
difficult. 


Exercise 


As noted earlier, maintaining a BMI between 20 


and 25 kg/m? is recommended to maintain optimal 
male fertility potential. Regular exercise is 


important, along with healthy diet, to prevent over- 
weight or underweight body habitus. In addition to 
maintaining an optimal BMI, physical exertion has 
also been shown to have a relationship with 
testosterone (T) levels, thereby indirectly relating 
to fertility. 

An observational study showed that moderately 
physically active men had significantly increased 
follicle-stimulating hormone (FSH), luteinizing hor- 
mone (LH), and T levels compared with sedentary 
controls.” This finding is expected, given that 
high T levels have been widely associated with 
increased energy and muscle strength. However, 
some reports have found that moderate-intensity 
endurance training results in increased free and 
total T levels in young healthy men shortly after 
exertion.'®:'° Other studies have found that there 
is no T level increase following exercise when cor- 
rected for exercise-induced increases in plasma 
levels.2°?' Studies are needed to determine 
whether exercise yields increases in T and FSH 
on a longer-term basis. 

In contrast with the unclear impact of moderate 
exercise, data suggest that vigorous exercise re- 
sults in decreased T levels. Steinacker and col- 
leagues** found that competitive rowers had 
unexpectedly low T levels. Another study of com- 
petitive athletes found that doubling the distance 
of cycling and running for 2 weeks resulted in a 
17% decline in serum T concentration.2° High- 
intensity endurance runners (>160 km [100 miles] 
per week) had a 31% reduction in free and total 
serum T after 2 weeks of unusually vigorous 
training and, similarly, another study showed that 
athletes’ T levels significantly decreased after their 
training intensity was doubled over short periods 
of time.2*° In addition, a randomized controlled 
study of long-term endurance treadmill use on 
the hypothalamus-pituitary-testis (HPT) axis 
randomized 286 men to either moderate or in- 
tensive exercise groups. There was a significant 
decrease in LH, FSH, and T concentrations in 
the high-intensity group as well as decreased 
semen motility, density, and morphology.”° 


Obesity 


The rate of obesity in reproductive-aged men has 
tripled in the past 30 years; during the same time 
period there has been a concomitant increase in 
male infertility.* However, no definitive relationship 
between the two entities exists. Controlled studies 
have reported conflicting results concerning the 
relationship between obesity and fertility potential. 
Although one study of 2139 men observed no 
reduction in sperm count among obese men 
compared with normal-weight controls?’ and 


another study of 2110 men failed to identify a rela- 
tionship between BMI and any sperm quality pa- 
rameters,’ a third study of 1558 young Danish 
men found that overweight men had a reduced 
sperm concentration and total sperm count (22% 
and 24%, respectively) compared with men of 
normal weight.2° However, there are conflicting 
studies regarding the impact of obesity on male 
infertility. A study by Qin and colleagues? of 990 
fertile men recruited from the Chinese general 
population found that being overweight may be a 
protective factor against low sperm concentration 
and low total sperm count. 

Although studies of the association between 
BMI and semen parameters have yielded conflict- 
ing results, there seems to be a negative relation- 
ship between obesity and fertility outcomes. A 
review of the Danish National Birth Cohort identi- 
fied a dose-response relationship between 
increasing male BMI and subfecundity (defined 
as a total time to pregnancy of more than 
12 months), with an odds ratio of 1.2.°' These find- 
ings also apply to couples undergoing assisted 
reproduction. For example, among couples under- 
going intracytoplasmic sperm injection, the odds 
of live birth in couples with obese male partners 
has been reported to be 84% lower than the 
odds in couples with men with normal BMI.°2 
More recently, Bakos and colleagues** reported 
an association between increased paternal BMI 
and a decrease in blastocyst development, clinical 
pregnancy rates, and live birth outcomes. Keltz 
and colleagues* reported that male BMI greater 
than 25.0 kg/m? was associated with a signifi- 
cantly lower clinical pregnancy rate (63.2% vs 
33.6%), with the likelihood of clinical pregnancy 
following n vitro fertilization significantly reduced 
if the male partner was overweight (odds ratio, 
0.2) on multivariate analysis. 

In summary, the relationship between obesity 
and male fertility is complex and multifactorial, 
making it difficult to distinguish correlation from 
causation. However, the available data suggest 
that, although a consistent relationship between 
BMI and semen parameters has not been 
shown, high BMI does seem to be linked with 
a negative impact on fertility outcomes.°° Until 
prospective randomized trials provide a defini- 
tive answer, it is prudent to recommend weight 
loss for obese men with otherwise unexplained 
infertility. 


Psychological Stress 


Psychological stress has long been implicated as 
a cause of idiopathic male factor infertility and 
several studies have described a correlation 


Male Reproductive Health 


between stress and impaired SA parameters. 
Men have been shown to have a significant 
decrease in sperm concentration and semen qual- 
ity during stressful examination periods, °° times of 
war,” periods of self-reported stress,°° following 
stressful situations at work,°° following the recent 
death of a close family member,*° and following 
2 or more recent stressful life events.*" In a study 
that assessed various psychological traits of 
male partners of infertile couples attending an 
infertility clinic, Zorn and colleagues’? docu- 
mented a significant relationship between the level 
of sperm concentration and the World Health 
Organization (WHO) Well-being Index score, with 
each successive score number correlating with a 
7.3% increase in sperm concentration. 

Infertility is itself a well-known psychological 
stressor,*? and it remains unclear to what extent 
stress is a cause, as opposed to a result, of 
impaired fertility potential. Although no studies 
have entirely attributed infertility to psychological 
stress, emotional and mental state is likely to be 
a relevant clinical issue for men with fertility prob- 
lems. Identification and reduction of psychological 
stress has been associated by some studies with 
improvement of SA parameters®> but is also 
important as an aspect of overall patient care for 
many subfertile men. 


SUBSTANCES OF ABUSE 


Various substances with potential for abuse exert 
untoward effects on spermatogenesis and sperm 
function characteristics. The prevalence and 
magnitude of reproductive effects are outlined 
later for these agents, including ethanol, ciga- 
rettes, marijuana, anabolic steroids, and opiates. 


Alcohol 


Excessive alcohol consumption has been pro- 
posed as a risk factor for male infertility. Studies 
have linked ethanol to central action at the level 
of the hypothalamus, where it blocks secretion of 
gonadotrophin-releasing hormone (GnRH) and 
cleavage of GnRH precursor pre-pro-GnRH to a 
functionally active GnRH hormone.**** This pro- 
cess results in reduction of LH and FSH, with sub- 
sequent spermatogenic impairment.** Ethanol has 
also been shown to exert a direct inhibitory effect 
on the pituitary by blocking LH production and 
secretion.*° These effects may explain the 
abnormal semen parameters observed in men 
who drink heavily. Animal studies have also 
elucidated the deleterious effects of ethanol at 
the level of the testis. Zhu and colleagues*’ postu- 
late that the Sertoli cells are the first testicular cells 
to be insulted by ethanol consumption. Transferrin 
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protein and mRNA were increased in rats that 
imbibed ethanol. Martinez and  colleagues*® 
exposed mice to 120 days of chronic oral ethanol 
consumption and noted significant reduction in 
testosterone and LH levels compared with con- 
trols. On histologic examination, the testes of 
mice in the alcohol arm were characterized by an 
abundance of lipid droplets, vacuoles, dilatation 
of the blood vessels, and a variation in seminal 
vesicle diameter. Other studies in mice have 
shown testicular atrophy, degeneration of sperm 
cells, decreased lumen of seminiferous tubules,*® 
and increased rates of apoptosis” resulting from 
alcohol consumption. 

In men, the relationship between ethanol con- 
sumption and infertility seems to be dose de- 
pendent. Consuming more than 8 drinks per 
week has been reported to decrease fecundity in 
men, with the most commonly reported semen 
parameter being teratospermia.°° Pajarinen and 
colleagues*' categorized alcohol intake on a spec- 
trum as defined by daily intake of less than 40 g, 
40 to 80 g, 80 to 160 g, and more than 160 g. Sper- 
matogenic arrest and Sertoli cell-only syndrome 
showed a direct correlation with daily dose depen- 
dence, and daily imbibing of more than 40 g 
of ethanol per day showed an increase in sper- 
matogenic disorders. A Dutch study showed that 
E2/T ratio increased and semen characteristics 
worsened after a 5-day alcohol binge in a cross- 
sectional study.’ Semen parameters were 
adversely affected by both chronic consumption 
of excessive alcohol doses and by excessive acute 
alcohol binges. 

The threshold level of alcohol consumption re- 
quired to adversely affect SA parameters remains 
unclear.°° Although the effect of ethanol on human 
spermatogenesis seems to be dose dependent, a 
European study of more than 10,000 couples 
found that high alcohol consumption (greater 
than 8 drinks/wk) was associated with reduced 
fecundity, but moderate intake was not. The best 
available evidence shows that alcohol intake and 
infertility are linked only with high levels of con- 
sumption (>8 drinks/wk or >40 g alcohol daily, 
depending on the study).°'°° 


Cigarette Smoking 


Despite mounting evidence concerning the multi- 
ple hazards to human health posed by cigarette 
smoking, the population of cigarette smokers 
globally is increasing and now approaches one- 
third of the worldwide population in individuals 
aged 15 years and older.* Although the exact 
mechanism has not yet been established, ciga- 
rette smoking is a well-known cause of male 


subfertility.* Proposed mechanisms for this effect 
include compromised delivery of oxygen to the 
testis and interference with the high metabolic 
requirements of spermatogenesis, as well as 
oxidative stress related to the large number of 
known mutagens and metabolites in cigarette 
smoke (including radioactive polonium, cadmium, 
benzopyrene, carbon monoxide, tar, naphthalene, 
and aromatic hydrocarbons).”:°° 

Several studies have shown that cigarette smok- 
ing is associated with a decrease in sperm concen- 
tration, lower sperm motility, and a reduced 
percentage of morphologically normal sperm.” In 
the largest meta-analysis to date, Li and col- 
leagues pooled data from 57 studies and 
concluded that smoking is associated with deterio- 
ration of multiple SA parameters in both fertile and 
infertile men, including semen volume, sperm den- 
sity, total sperm count, percentage of sperm pro- 
gressive motility, and percentage of normal 
sperm morphology. These results were consistent 
with a prior meta-analysis that similarly linked re- 
ductions in sperm density and motility to cigarette 
smoking.°° However, these effects seem to be 
reversible, as shown by Santos and colleagues.°© 
In this report, smoking cessation for 3 months led 
to an increase in sperm count (29 million vs 72 
million per ejaculate), motility (79% vs 33% ), vitality 
(60% vs 20% necrotized), and the number of grade 
A spermatozoa recovered after swim-up (3 million 
vs 23 million per ejaculate). 

The degradation of SA parameters related to 
cigarette use is further compounded by the detri- 
mental effect of smoking on sperm vitality, seminal 
zinc (an important antioxidant) levels, sperm DNA 
integrity, and semen reactive oxygen species.°’ 
In a review of 160 fertile men, Taha and col- 
leagues” found that fertile nonsmokers showed 
significantly higher progressive sperm motility, 
hypo-osmotic swelling (HOS) test percentage, 
and seminal zinc levels, as well as significantly 
lower sperm DNA fragmentation percentage and 
seminal ROS levels compared with fertile smokers. 
The number of cigarettes smoked per day and 
smoking duration were both positively correlated 
with seminal ROS and sperm DNA fragmentation 
percentage and negatively correlated with sperm 
count, motility, normal forms percentage, HOS 
test, and seminal Zn levels. Elsewhere it has 
been shown that the levels of bulky DNA adducts 
are almost 2-fold higher in current smokers than 
in never smokers,°® that the rate of sperm aerobic 
respiration is significantly lower in smokers,°° that 
smoking for more than 10 years or greater than 
20 cigarettes/d negatively affects sperm DNA 
integrity and nuclear maturation,°° and that the 
zona-free hamster oocyte sperm penetration 


assay is markedly impaired in smokers compared 
with nonsmokers.°' 

Although the pathophysiologic mechanisms are 
not yet fully elucidated, the available evidence 
overwhelmingly shows that cigarette smoking im- 
pairs male reproductive potential. In light of the 
numerous other untoward adverse health effects 
brought on by smoking, physicians should advise 
their patients to quit smoking as a critical compo- 
nent of preserving or restoring fertility potential. 


Marijuana 


Marijuana has the highest rate of use in the United 
States among all illicit drugs surveyed by the 
National Survey of Drug Use and Health, with 
20%, 11%, and 5% of all men aged 26 to 34 years, 
35 to 49 years, and 50 years and older, respec- 
tively, reporting use of marijuana in the past 
year.' The frequency of marijuana abuse in these 
peak reproductive age groups is clinically signi- 
ficant given this drug’s negative effects on male 
reproductive physiology. 

Marijuana contains the cannabinoid delta-9- 
tetrahydrocannabinol (THC), which blocks luteiniz- 
ing hormone-releasing hormone (LHRH) release 
from the hypothalamus and LH production by the 
adenohypophysis.' The central blockade of the 
hypothalamic-pituitary-gonadal (HPG) axis in men 
resulting from THC produces a dose-dependent 
reduction in plasma T levels°? that may take as 
long as 3 months to resolve after cessation. 18° 
Clinical manifestations of chronic use can include 
gynecomastia, impaired libido, erectile dysfunction 
(ED), and ejaculatory dysfunction.°* °° 

Within the testis, marijuana reduces T produc- 
tion and interferes with the spermatogenetic pro- 
cess. In animal models, chronic administration of 
THC impairs spermatogenesis at both mitotic 
and meiotic stages, with mature sperm showing 
severe morphologic defects.°° These findings are 
mirrored in humans, with more than one-third of 
chronic marijuana users having oligospermia. ' 
This effect is magnified by THC also activating 
endocannabinoid receptors on sperm, thereby 
inhibiting the capacitation-induced acrosomal 
reaction and reducing sperm motility in a dose- 
dependent manner.' Although human studies are 
scarce, and those that do exist are limited by their 
observational nature, the available evidence sup- 
ports the concept that marijuana use, whether 
illicit or prescribed, has a detrimental effect on 
male reproductive potential. 


Anabolic Steroids 


The lifetime prevalence of anabolic androgenic 
steroid (AAS) use in men is estimated to be 
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between 3.0% to 4.2% and an estimated 56% of 
users have never revealed their AAS use to a 
physician.’ Most AAS abusers are young men in 
their reproductive years who may be unaware of 
the reproductive consequences of their actions. 
Exogenous hormonal steroids inhibit spermato- 
genesis by suppressing the HPG axis®*°’ and 
decreasing the intratesticular testosterone levels. 
Anabolic steroids exert a negative feedback effect 
on the hypothalamus and pituitary, thus limiting 
the release of FSH and LH and in turn decreasing 
testicular T synthesis. Hypogonadism (HG) associ- 
ated with AAS abuse is usually reversible within 3 
to 6 months of discontinuation, but recovery has 
been reported to take as many as 3 years and oc- 
casionally may be irreversible. 16° 

On histopathology, AAS have also been shown 
primarily to produce Leydig cell alterations, ac- 
counting in part for the observed decrease in 
testicular T synthesis. However, specific end- 
stage spermatogenesis impairment with a lack of 
advanced forms of spermatids has also been re- 
ported.°° This manifests clinically as oligosper- 
mia/azoospermia, testicular atrophy, and an 
increased percentage of morphologically ab- 
normal sperm.' Following AAS discontinuation, 
Leydig cells proliferate but counts generally 
remain less than normal, accounting for delayed 
recovery of T levels and occasional irreversible 
effects of AAS.°° 


Opiates 


Nonmedical use of prescription narcotics such as 
hydrocodone and oxycodone have the second 
highest abuse rate among illicit drugs after mari- 
juana, with 8.3%, 4.8%, and 2.4% of men aged 
26 to 34 years, 35 to 49 years, and 50 years and 
older, respectively, reporting nonmedical use of 
prescription pain medication in the past year.’ 
These rates of opiate abuse among men of repro- 
ductive age are particularly significant because 
narcotics can interfere with spermatogenesis 
through 2 basic mechanisms. First, narcotics exert 
a negative feedback effect on the hypothalamus, 
thereby suppressing LH release from the anterior 
pituitary. Decreased LH levels result in decreased 
T levels, and the magnitude of HG is magnified by 
an opiate-induced increase in levels of sex hor- 
mone—binding globulin, which further restricts the 
pool of bioavailable T.'°° 

In a study by Abs and colleagues®’ comparing 
73 patients receiving intrathecal opiates for 
nonmalignant pain with 20 untreated control sub- 
jects, nearly all opiate-treated men reported symp- 
toms of HG, such as decreased libido or ED, and 
had significantly lower T and LH levels. Oral use 
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of narcotics has been shown to result in similar 
effects. A study by Daniell’? reviewed a cohort of 
54 outpatient men who were treated with oral 
sustained-action opioids. When compared with 
controls, opioid consumers were shown to have 
much lower hormone levels in a dose-related 
pattern. Free T, total T, and E2 levels were sub- 
normal in 56%, 74%, and 74%, respectively, of 
opioid users. Moreover, either total T or E2 level 
was subnormal in all men consuming the equiva- 
lent of 100 mg of methadone daily and in 73% of 
men consuming smaller opioid doses.”° In recog- 
nition of the hypogonadotropic hypogonadism 
that frequently results from opiate use, the 2010 
Endocrine Society Clinical Practice Guideline 
Committee recommends that serum T levels be 
measured in all men receiving chronic opioids.”' 
In a review of male heroin and/or methadone ad- 
dicts, at least one semen analysis parameter from 
100% and 45% of heroin and methadone users, 
respectively, were significantly impaired. All pa- 
tients in this study had normal hormone levels, 
despite chronic opioid use, suggesting that heroin 
use may be directly toxic to spermatogenesis, as 
opposed to exerting this effect via HG.”? 


ENVIRONMENTAL FACTORS 


Although the aforementioned personal health fac- 
tors and substances of abuse represent individu- 
ally modifiable factors in male subfertility, 
exposure to radiofrequency electromagnetic radi- 
ation, pollution, and heat may negatively affect 
male reproductive potential on a more global level. 


Cell Phone Use 


Widespread use of cellular phones has prompted 
concerns regarding the potentially harmful effects 
of radiofrequency electromagnetic radiation 
(RF-EMR). In particular, the increasing use of 
hands-free kits with belt-holstered phones has 
raised concern regarding the potential for RE- 
EMR exposure to the gonads.’° Several experi- 
ments in rat, mouse, and rabbit models have 
shown impairment of spermatogenesis with 
increasing exposure to cell phone RF-EMR, with 
Leydig cells, seminiferous tubules, and spermato- 
zoa all being affected.’* 

Several human observational studies have 
investigated the effects of RF-EMR directly on 
semen parameters and sperm function. In one 
observational study by Agarwal and colleagues, ° 
361 men undergoing infertility evaluation were 
divided into 4 groups according to their reported 
cell phone use. Comparisons of semen parame- 
ters identified that mean sperm motility, viability, 
and normal morphology significantly differed 


between cell phone user groups, with an inverse 
relationship between the values of these parame- 
ters and the duration of daily exposure to cell 
phones. Fejes and colleagues’ correlated re- 
ported cell phone usage with semen analyses in 
371 men, finding that the duration of phone 
possession and talk time correlated negatively 
with the proportion of rapid progressive motile 
sperm and positively with the proportion of slow 
progressive motile sperm. An additional observa- 
tional study by Wdowiak and colleagues” subdi- 
vided 304 men into 3 groups by cell phone 
usage. The investigators identified a link between 
the percentage of sperm cells with abnormal 
morphology and the duration of exposure to RF- 
EMR waves. Moreover, they confirmed that a 
decrease in the percentage of sperm with progres- 
sive motility was correlated with the frequency of 
using mobile phones. Gutschi and colleagues’® 
examined semen samples and measured hor- 
mone levels in more than 2100 men stratified by 
their reported cell phone use. The investigators 
observed a significant difference in sperm 
morphology between the two groups. In the pa- 
tients reporting cell phone use, 68% of the sper- 
matozoa featured a pathologic morphology 
compared with 58% in those subjects not report- 
ing cell phone use. In addition, a retrospective 
observational study by Kilgallon and colleagues ”° 
found that men who carried a mobile phone in their 
hip pockets or on their belts had lower sperm 
motility (49.3% [8.2% ) than those who did not 
carry a mobile phone or carried one elsewhere 
on their body (55.4% Liil7.4%). 

Several in vitro studies on human semen have 
also suggested that electromagnetic radiation 
exerts deleterious effects on sperm function. Agar- 
wal and colleagues®° collected semen samples 
from 23 normal healthy donors and 9 infertile men 
and divided each sample into 2 aliquots: an exper- 
imental aliquot that was exposed to cellular phone 
radiation for 1 hour and an unexposed control sam- 
ple. The investigators concluded that samples 
exposed to RF-EMR_ showed a significant 
decrease in sperm motility and viability, anincrease 
in ROS level, and decrease in total antioxidant ca- 
pacity score (the sum of enzymatic and nonenzy- 
matic antioxidants). Erogul and colleagues?! 
obtained semen samples from 27 men, divided 
these equally into 2 aliquots, and exposed only 1 
of these to RF-EMR emitted by an activated cellular 
phone. RF-EMR exposure was associated with a 
decrease in the rapid progressive and slow pro- 
gressive sperm movements, as well as an increase 
in the no-motility category of sperm movement. 

The literature suggests that cell phone use alters 
sperm parameters (particularly motility and 


morphology) and increases oxidative stress. 
Moreover, these abnormalities seem to be directly 
related to the duration of mobile phone use.’* 
However, these studies are all in vitro or clinically 
retrospective in nature, and prospective random- 
ized studies are needed to definitively elucidate 
the possible mechanisms and magnitude of injury 
produced by RF-EMR on spermatozoa and testic- 
ular function. 


Pollution 


Exposure to both environmental and workplace air 
contaminants has also been hypothesized to 
negatively affect male reproductive potential. In a 
study of 225 men with occupational exposure to 
pesticides and chemical solvents, exposed men 
had significantly depressed SA parameters. ®? Pro- 
posed mechanisms of action of pesticides on 
spermatogenesis include alteration of Leydig cell 
and/or Sertoli cell function? and disruption of hor- 
mone synthesis, transport, release, or binding to 
receptors.°* Some compounds have been shown 
to be directly toxic to spermatogenesis, including 
dibromochloropropane and __ polychlorinated 
biphenyls.°° 

Hammoud and colleagues®® correlated nearly 
1700 SA reports with the local particulate matter 
(particle pollution) levels corrected by shifting 
backwards parameters for several months to 
account for the 72-day spermatogenesis cycle. 
High particle pollution levels were negatively 
correlated with sperm motility 2 and 3 months 
following these exposures. Other studies have 
shown that increased particulate matter is associ- 
ated with decreased sperm motility, abnormal 
head shape, and increased DNA fragmenta- 
tion.6”® Sokol and colleagues? analyzed air 
pollutant levels in California in relation to SA pa- 
rameters from 5134 samples. They concluded 
that average sperm concentrations correlated 
negatively with increases in ozone levels (P<.001). 

The data suggest that various types of environ- 
mental pollution are toxic to spermatogenesis. 
However, the specific underlying causes of the 
varying pollutants are unknown. Further, the clin- 
ical relevance to reproduction is unclear because 
there are no published reports including preg- 
nancy or live births as study end points. Chal- 
lenges include identifying specific pollution risk 
factors for impaired spermatogenesis, defining 
the impact of genetic insult on sperm, and diag- 
nosing environmentally induced infertility. 


Heat Exposure 


The testes are located outside the body cavity and 


are perfused by a countercurrent heat exchange 
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system resulting in temperatures 2to 4“cooler 
than body core temperature, which is thought to 
be critical in facilitating spermatogenesis and high- 
lights the concept of increased testicular tempera- 
ture as a potential risk factor for infertility.°° 

In numerous animal studies, increases in scrotal 
temperature have been shown to cause reversible 
damage to the germinal epithelium,°' with the 
most significant consequence of heat stress on 
the testis being the loss of germ cells via 
apoptosis. Moreover, heat has been shown to 
affect sperm DNA integrity, to reduce the produc- 
tion of testicular androgen-binding protein, and to 
adversely affect Sertoli cell function.°° These 
changes brought on by heat stress have been 
shown collectively to lead to significant reductions 
in sperm motility, concentration, and the percent- 
age of hypo-osmotic swelling water test-positive 
spermatozoa.°* 

Human studies similarly show suppressed sper- 
matogenesis in clinical conditions associated with 
increased testicular temperature, such as cryptor- 
chidism, varicoceles, and acute febrile illness, 
although each of these may have other pathophys- 
iologic mechanisms affecting spermatogenesis. 
Numerous reports have documented a negative 
influence of fever episodes on semen quality, 
with impaired sperm density and progressive 
motility presenting several weeks after the acute 
febrile illness and lasting for 1 to 3 months.°° Oli- 
gospermic men with varicoceles are theorized to 
have significantly higher scrotal temperatures 
than normospermic men as a result of pooling 
blood and inefficient countercurrent heat ex- 
change. Varicocelectomy has been documented 
to reduce scrotal temperatures’? and is well estab- 
lished as method of improving semen parameters 
in subfertile men, although the mechanisms under- 
lying the beneficial effects of varicocele surgery 
are unknown. 

Several modifiable risk factors that cause 
scrotal hyperthermia have also been correlated 
with spermatogenic impairment, including sauna 
or steam room use, sleeping posture, and duration 
of sitting or driving.°'°* Although the minimum 
threshold of scrotal hyperthermia required to sup- 
press spermatogenesis remains unclear, experi- 
mental studies using polyester-lined athletic 
supports to increase scrotal temperatures in 
healthy male volunteers suggest that this 
threshold is more than 158.9 

In normospermic subjects, sauna exposure has 
been reported to induce a significant but reversible 
impairment of spermatogenesis, including alter- 
ation of sperm parameters, mitochondrial function, 
and sperm DNA packaging.°° Improvements in 
total motile sperm count have been shown with 
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discontinuation of hyperthermic sauna expo- 
sure.°° Another study showed that, although 
sauna sessions increase mean scrotal tempera- 
tures to a peak level of 41.6 semen quality 
remains unaffected.°° Various studies have docu- 
mented significant temperature changes in the 
scrotum while driving or while wearing restrictive 
clothing,“ using a laptop computer,*° using elec- 
tric blankets,°* and with wearing tight-fitting un- 
derwear.°° None of these studies attempted to 
correlate SA parameters or fertility rates with their 
respective risk factors for scrotal hyperthermia. 

Based on the available data, it is prudent to 
advise men with fertility concerns to limit their 
exposure to any factor capable of increasing 
scrotal temperature. However, the precise role 
of scrotal hyperthermia in fertility remains to be 
established, as does the concept of scrotal 
cooling. 


TRENDS IN ENVIRONMENT, LIFESTYLE, AND 
REPRODUCTIVE HEALTH: PREDICTIONS FOR 
2033 


Swan and colleagues?” published data showing a 
trend toward decreased sperm concentration in 
the United States and most Western countries in 
the twentieth century. Although the specific 
causes of this trend are unknown, many environ- 
mental factors play a role in male reproductive 
potential. It is therefore difficult to make over- 
arching predictions regarding male fertility trends 
that can be expected for the future. In contrast, 
extrapolating the trends of individual environ- 
mental factors is more feasible and may provide 
insight into challenges and opportunities related 
to male reproductive potential over the next 
20 years. 

The International Telecommunications Union of 
the United Nations has recently reported that at 
the current rapid rate of new cell phone accounts 
the number of accounts will increase from 6 billion 
now to 7.3 billion in 2014, thereby exceeding the 
population of the planet.°° This figure is particu- 
larly stunning considering that cell phones were 
rarely used as recently as 15 years ago. The prev- 
alence of cell phone use strongly suggests that 
negative effects from RF-EMR on male fertility 
may become an important concern. To date, 
studies have shown impacts on SA parameters 
but not pregnancy rates. 

The US Food and Drug Administration (FDA) 
recently reported that the number of extended- 
release opioid prescriptions dispensed increased 
from 165 million in 2000 to 234 million in 2009, 
whereas immediate-release opioid prescriptions 
increased from 9 million to 23 million over the 


same time period.°° The use and abuse of pre- 
scription narcotics have reached epidemic levels 
in the United States and, as previously discussed, 
chronic opioid exposure is deleterious to sper- 
matogenesis and serum T concentration. How- 
ever, there are some recent factors that may 
portend stabilization or even reversal of opioid 
use and abuse. Federal legislation was recently 
introduced that requires manufacturers to 
research and develop tamper-proof opioid drug 
formulations to prevent the manipulation that 
currently facilitates abuse. In 2012, both the FDA 
and Drug Enforcement Agency formally identified 
abuse of prescription pills as a major public health 
problem and publicly committed themselves to 
addressing the issues via publication of guidelines, 
support of law enforcement regulations, and 
educational outreach programs. Whether these 
initiatives will prove to be effective remains to be 
determined. 

A 2007 study reported on trends in nonmedical 
use of anabolic steroids (NMAS) among American 
college students. '°° Data were collected from mail 
surveys sent to students at 119 colleges in 1993, 
1997, 1999, and 2001. The prevalence of lifetime 
and past-year NMAS remained stable at less 
than 1%, with a single exception: past-year 
NMAS had a statistically significant increase from 
0.36% in 1993 to 0.9% in 2001. Although it is 
encouraging that overall prevalence of anabolic 
steroid use is low and largely stable, the recent 
uptake in past-year NMAS is concerning. 

In contrast with the stable pattern of anabolic 
steroids, marijuana is a risk factor for male infer- 
tility with increasing rates of use. According to 
the US Centers for Disease Control and Preven- 
tion, American high school students who reported 
ever having used marijuana increased from 31% in 
1991 to 40% in 2011.'°' This increase coincides 
with a national shift in attitudes toward marijuana 
use. Within the past 15 years nearly half the states 
have passed legislation regulating marijuana for 
medicinal use. Many others have passed or pro- 
posed decriminalization measures, and 2 states 
have legalized marijuana for recreational use. 
Given these trends, and a 2013 Pew Research 
Center poll that shows that 52% of Americans 
favor legalization (up from 12% in 1969), it is likely 
that marijuana use may be a relevant factor for 
male fertility in 2033. 

Obesity is a male fertility risk factor that is 
epidemic in the United States. More than two- 
thirds of American adults are overweight or 
obese.'°* Particularly troubling is a report that 
obesity rates among boys aged 2 to 19 years 
have increased dramatically since the 1960s, and 
have continued to increase steadily between 


2000 and 2010.'°° The US Department of Agricul- 
ture recently reported that most Americans do not 
meet federal dietary recommendations. ' In order 
to meet them, according the report, Americans 
would have to decrease their intake of fats and 
added sugars while increasing consumption of 
fruits, vegetables, and whole grains. There are no 
indications that dietary habits will improve in the 
foreseeable future. Trends in physical activity are 
similarly troubling. Between 1995 and 2005, Amer- 
icans became more sedentary overall; this trend 
has been largely attributed to decreased work- 
related activity and human-powered transporta- 
tion.10 Increased computer-based employment 
will likely perpetuate sedentary work-related ac- 
tivity trends. 

Cigarette smoking has been shown to be a nega- 
tive risk factor for male fertility as well as overall 
health. More than 42% of American adults reported 
smoking in 1965, compared with 11% in 2011.'°° 
Most states have established legislation in recent 
years limiting smoking in workplaces and restau- 
rants. Aggressive tax increases for purchase of cig- 
arettes have also contributed to the decline in use. 
This trend is expected to continue over the next 
20 years. Alcohol consumption has also decreased 
in the United States in recent years, but at a slower 
rate than cigarette smoking. According to the Na- 
tional Institutes of Health, 69% of Americans re- 
ported recently drinking alcohol in 1984 compare 
with 65% in 1995, and total drinking days declined 
from 110 to 88 over the same time period. '°” 

Increased temperature has been identified as a 
male fertility risk factor. Although clinicians can 
warn patients to avoid excessive sauna or steam 
room use, global warming trends may have a dele- 
terious impact on reproduction in 2033. Although 
global warming is a politically controversial topic, 
the global surface temperature was 0.6 (1 Of) 
higher in 2012 than the 1951 to 1980 average, 
and the top 10 warmest years on record have all 
occurred since 1998.° 

The United States Environmental Protection 
Agency (EPA) has reported that air quality, based 
on concentration of common pollutants, has 
improved markedly since 1980.4 Regulations and 
financial incentives have strongly driven the trend 
over the same time period toward decreased auto- 
mobile exhaust and industrial pollution. Increasingly 
tight emissions are expected to help reduce pollu- 
tion further over the next 20 years but will be offset 
by the increasing population and number of cars. 


SUM MARY 


A large number of environmental and lifestyle fac- 
tors may negatively affect spermatogenesis and 
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male fertility. This article enumerates the current 
state of knowledge regarding those that have 
been identified, and extrapolates the predicted 
magnitude of these effects over the next 20 years 
based on current societal trends. However, it is 
likely that additional factors have yet to be recog- 
nized. Additional research is needed to further 
define and clarify environmental factors that affect 
male fertility in order to mitigate their effects. 
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Infectious, Inflammatory, and 
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ic Conditions 


Resulting in Male Infertility 
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KEY POINTS 


[=Reproductive.tract.inflammation.is.common.in.men.with .infertility.and.may.be.due.to.infections. or 
noninfectious causes such as smoking, environmental toxins, vasectomy reversals, and urethral 


surgery. 


[Although the presence of elevated levels of semen leukocytes is the most commonly used method 
to identify inflammation in the male reproductive tract, this is an inaccurate marker for inflammation. 


[ihe use of empiric therapies such as antibiotics, antiinflammatories, and antioxidants may reduce 


semen leukocyte levels and improve sperm parameters for some infertile men with pyospermia. 
[Chlamydia trachomatis and Neisseria gonorrhoeae screening for men with infertility is warranted in 
regions with a high prevalence of infection with these organisms. 
[Viral infections, particularly human immunodeficiency virus (HIV), hepatitis B virus (HBV), and 
hepatitis C virus (HCV) have been associated with male infertility. 


INTRODUCTION 


The accepted definition of infertility is the failure of a 
couple to achieve a successful pregnancy with 
1 year of regular unprotected coitus. This condition 
is common, affecting almost 15% of couples world- 
wide, with a male factor implicated in up to 50% of 
cases. ' A variety of conditions cause male infertility, 
including congenital malformations, exposure to 
environmental toxins, genetic and endocrinological 
disorders, and infectious and inflammatory condi- 
tions (the last condition accounting for almost 
15% of cases of male infertility). Inflammation is 
the body’s response to a noxious agent in an 
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attempt to eliminate it; the inflammatory response 
includes vasodilation, increased blood flow, and 
leukocytic infiltration to the infected site. The male 
reproductive organs that may be susceptible to 
infectious or inflammatory insults include the pros- 
tate, testicles, and epididymis, and with spermato- 
genesis and adequate sperm function intimately 
related to the proper function of these organs, any 
state of infection or inflammation may potentially 
impair the function of these organs and lead to 
altered sperm function, production, or transit. This 
review discusses the infectious and inflammatory 
conditions that are associated with male infertility 
and describes the biologic processes involved, 
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which lead to impairment in fertility and sperm 
parameters. 


INFLAM MATION—EFFECT ON THE MALE 
REPRODUCTIVE TRACT 


Achieving normal fertilizing potential for the human 
male involves an intricate process of germ cell divi- 
sion and maturation, sperm transit through an elab- 
orate maze of tubules, and the addition of fluids 
from accessory organs, allowing the germ cell to 
become fully functional.° Secretions by the prostate 
gland, seminal vesicles, and bulbourethral glands, 
including essential lubricants and products like 
zinc, citric acid, a-glucosidase, and fructose are 
crucial to attaining final normal sperm physiology. 
The completion of this delicate process described 
involves an intricate interplay between various 
organs with patent ducts: all these processes are 
unfortunately susceptible to various inflammatory 
and infectious insults (Fig. 1). 

Inflammation is a complex process whereby the 
body reacts to infectious, traumatic, or chemical 
insults, causing an influx of activated leukocytes 
and various supporting cells and extracellular pro- 
teins.° Although chronic inflammation usually de- 
velops after an acute symptomatic insult, it may 
also occur in tissue without a known history of 
injury or insult. In fact, most men who have a geni- 
tourinary (GU) tract inflammation have no symp- 
toms of this inflammation. 

It is this latter insidious process that is most 
worrisome in the male reproductive tract. Evalua- 
tion of testicular tissue specimens from asymp- 
tomatic infertile men reveals leukocytic infiltration 
in greater than 50% of men.* 

The impact of any inflammation or infection of 
the male reproductive tract on fertility depends 


INFLAMMATION 


Seminal Leukocytes 


Cytokines 


Antisperm 
Antibodies? 


on many factors, including the chronic versus 
acute nature of the disease and the type of in- 
vading pathogen (Fig. 2). However, noninfectious 
inflammatory reactions may also affect the male 
reproductive tract. Lymphocytic infiltrates are 
commonly observed in patients with testicular 
seminoma, others with carcinoma in situ, and 
even in the contralateral testis of patients with uni- 
lateral tumors.” 

The inflammatory response is amplified by acti- 
vated lymphocytes and macrophages through the 
release of cytokines, which includes a family of 
biologic response modifiers such as chemokines, 
interleukins, and growth factors.’ The main medi- 
ators of the inflammatory response in the male 
reproductive tract are the proinflammatory cyto- 
kines tumor necrosis factor (TNF}a, interleukin 
(IL}1a, and IL-1b.° These signaling molecules 
are released by activated leukocytes and act in 
a synergistic fashion to allow cells to systemati- 
cally eradicate the noxious insult. The cytokines 
IL-6, IL-8, and IL-10 are also released in states 
of inflammation and are found in varying levels in 
the semen of subfertile men with differing seminal 
defects, suggesting that semen cytokine profiling 
may potentially be used to detect inflammation 
in the male reproductive tract and may possibly 
help more accurately categorize subfertile men 
to aid in future treatment.®° Furthermore, IL-6 
levels were also found to be elevated in patients 
with nonpathogenic inflammation, also suggesting 
its use as a marker of this condition. '° 

Inflammation of the testicles may lead to sper- 
matogenic arrest and a decrease in serum levels 
of testosterone and luteinizing hormone, thereby 
affecting the dual functions of spermatogenesis 
and steroidogenesis.*'' The secretion of both 
TNF-a and IL- 1a during the inflammatory response 
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Fig. 1. Synergistic effect of inflammation and infection leading to male reproductive tract dysfunction and/or 


obstruction. 
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Fig. 2. Possible mechanisms of impaired male fertility due to reproductive tract inflammation. (From Domes T, 
Lo KC, Grober ED, et al. The incidence and effect of bacteriospermia and elevated seminal leukocytes on semen 


parameters. Fertil Steril 2012;97(5):1051; with permission.) 


leads to an inhibition of steroidogenesis by Leydig 
cells.'*'° Furthermore, it seems that the effect of 
inflammation on spermatogenesis is cell specific, 
whereby spermatocytes and spermatids are 
affected, whereas spermatogonia are spared.'' 

Evidence points to inflammation as a source of 
oxidative stress. Oxidative stress is an imbalance 
in the oxidant/antioxidant system, leading to an 
increase in reactive oxygen species (ROS), and is 
a significant cause of male infertility.®14 In inflam- 
matory states of the male reproductive tract, oxida- 
tive stress is generated predominantly by the 
infiltrating leukocytes and the proinflammatory 
cytokines that they generate.'*'© Phagocytosis 
by infiltrating phagocytes leads to accelerated oxy- 
gen consumption and generation of large amounts 
of ROS. Through activation of the xanthine oxidase 
system, cytokines similarly create a state of oxida- 
tive stress by generating high levels of ROS.'” 
These ROS react with polyunsaturated fatty acids 
found in abundance in the sperm cell membrane, 
leading to significant oxidative damage and a 
reduction in motility as well as fertilizing potential. 
Furthermore, spermatozoa have a small cytoplasm 
and hence a limited store of antioxidants, thereby 
limiting their ability to repair any structural damage 
caused. 

Inflammatory and infectious conditions of the 
male reproductive tract may also lead to infertility 
due to damage of the reproductive tract organs 
affecting their function (altering the production or 
release of the secretions required to support sperm 
function) and due to scarring of the delicate ductal 
systems and subsequent anatomic obstruction. 


Nonregenerative epithelial cells lining the epidid- 
ymis and testis are particularly vulnerable to 
scarring.'° The consequence of such scarring is 
stricture formation, which may occur in the ejacula- 
tory ducts, thereby leading to a decreased ejacula- 
tory volume and impaired fertility. 1° 


INFLAMMATORY CONDITIONS POTENTIALLY 
ASSOCIATED WITH MALE INFERTILITY 
Prostatitis 


The most widely used classification system for 
prostatitis is the National Institutes of Health (NIH) 
system, which includes 4 diagnostic categories of 
prostatitis.2° NIH category | prostatitis represents 
acute bacterial prostatitis; NIH category II prostatitis 
represents chronic bacterial prostatitis. Chronic 
nonbacterial prostatitis has been defined as NIH Ill 
prostatitis, being either NIH IIIA prostatitis (inflam- 
matory) or NIH IIIB prostatitis (noninflammatory). 
Finally, NIH IV prostatitis represents asymptomatic 
inflammatory prostatitis, defined as the finding of 
significant pyospermia or elevated levels of leuko- 
cytes in the expressed prostatic secretions 
(EPS). Studying the potential impact of prostatitis 
on male fertility is important, as chronic prostatitis/ 
chronic pelvic pain syndrome (CP/CPPS: NIH III 
prostatitis) has been established as the most 
commonly diagnosed urologic problem in male 
patients younger than 50 years.*' In Canada, Nickel 
and colleagues** reported prostatitis-like symp- 
toms of voiding dysfunction, bladder spasms, and 
pelvic pain in 6% to 9% of men. The number of 
men with symptomatic CP/CPPS represents only 
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a small fraction of the total group of men with pros- 
tatitis; this is true, as histologically proved inflamma- 
tion may be present in more than 50% of men 
having prostate biopsies for benign conditions.” 
Although it had been suggested that prostate 
inflammation can be diagnosed through the pres- 
ence of elevated levels of leukocytes in EPS, in urine 
that is voided post-EPS, or in the semen, it is still not 
clear whether these parameters really are associ- 
ated with prostate inflammation.2*?° For this 
reason, other diagnostic modalities such as cyto- 
kine profiling continue to be investigated as poten- 
tial markers of prostatitis.°?”7° IL-8, granulocyte 
elastase, and neopterin are 3 such biomarkers 
whose role in diagnosing prostate inflammation 
remains controversial.°:° 

Several studies have examined the effect of clin- 
ical prostatitis on sperm parameters; however, 
because of the use of different classification sys- 
tems and the inherent problems in making a diag- 
nosis of prostatitis, it remains difficult to reach a 
conclusion concerning the effect of prostatitis on 
sperm function. As early as 1971, Bostrom and 
Andersson?’ examined sperm parameters in 31 pa- 
tients with what would now be considered as NIH 
IIIA prostatitis and compared the results to 34 con- 
trols, with no significant difference found in sperm 
concentration, motility, or morphology. Similarly, in 
the largest study to date examining the effect of 
prostatitis on sperm parameters, Weidner and col- 
leagues?’ in 1991 examined 32 patients with a diag- 
nosis compatible with NIH II prostatitis, 102 patients 
with NIH IIIA prostatitis, and 142 patients with NIH 
IIIB prostatitis and compared the results with those 
of a healthy control group of 42 patients, with no sig- 
nificant difference in sperm parameters detected. 
On the other hand, also in 1991, Christiansen and 
colleagues®** compared semen parameters in 50 
patients with NIH IIIA prostatitis to those of 33 
healthy controls and found a significant reduction 
in all 3 parameters of concentration, motility, and 
morphology in the prostatitis group. Similarly, Leib 
and colleagues** compared semen parameters in 
86 patients with NIH IIIA prostatitis with those in 
101 healthy controls who were proved fertile and 
found a reduction in both sperm motility and 
morphology but not concentration. Krieger and 
colleagues** also found an association between 
prostatitis and impaired sperm motility. In 2000, 
Pasqualotto and colleagues? compared their pa- 
tients with prostatitis with a control group and found 
a reduction in sperm motility only when associated 
with leukocytospermia. Menkveld and colleagues*° 
performed semen analyses on 34 patients with NIH 
IIIA prostatitis and 18 with NIH IIIB prostatitis, 
comparing the results with those of 17 healthy 
men, and detected a significant decrease in sperm 


morphology in the prostatitis group. Furthermore, 
Engeler and colleagues?” prospectively analyzed 
semen parameters of 30 patients with NIH IIIB pros- 
tatitis and compared the results with those of 30 
healthy controls and found a significant reduction 
in sperm motility. In 2003, Ludwig and colleagues*° 
found no association between prostatic inflamma- 
tion and standard semen parameters. On the other 
hand, Henkel and colleagues?’ reported a signifi- 
cant reduction in sperm concentration and 
morphology in patients with NIH IIIA and IIIB prosta- 
titis as compared with their control group but found 
significantly increased sperm motility (Table 1). 
These contrasting results point to a possible but un- 
confirmed role for prostate inflammation in the alter- 
ation of all 3 semen parameters of concentration, 
motility, and morphology. These data suggest that 
men with symptomatic NIH III prostatitis CP/CPPS 
likely have impaired sperm parameters. On the 
other hand, there are no data to suggest that men 
with asymptomatic prostate inflammation have 
impaired sperm function. However, because of the 
inherent difficulty in proving that men with no symp- 
toms of CP/CPPS may actually have prostate 
inflammation, in the absence of novel, noninvasive, 
and accurate markers of prostatic inflammation, it 


Table 1 
Studies examining semen parameters in men 
with chronic prostatitis 


Effect on Semen Parameters 


Study/ Year 
Bostrom 0 0 0 

et al,°° 1971 
Weidner 

et al,°' 1991 
Christiansen 

et al,°? 1991 
Leib et al,°° 

1994 
Krieger 

et al,°* 1996 
Pasqualotto 

et al,°° 2000 
Menkveld 

et al,°° 2003 
Engeler 

et al,°’ 2003 
Ludwig 

et al,°° 2003 
Henkel 

et al,°° 2006 


Motility Morphology Count 


0, no change; 1, improved; [=] worsened. 
Data from Refs.°° °° 


remains challenging to prove an association be- 
tween asymptomatic prostate inflammation and 
infertility. 
Epididymitis 
Epididymitis occurs less frequently than prostatitis 
and is responsible for about 1% of outpatient urol- 
ogy visits in North America, with most patients 
complaining of chronic symptoms lasting more 
than 3 months.?? Acute epididymitis usually 
occurs unilaterally and in up to 60% of patients, 
the testicle may be involved in a process termed 
epididymo-orchitis.* The development of chronic 
disease is still unpredictable and difficult to diag- 
nose. In men younger than 35 years, the pathogens 
implicated in epididymitis are usually sexually 
transmitted organisms, whereas in men older 
than 35 years, enteric pathogens are implicated.” 
The detrimental effects of inflammation on the 
male reproductive tract are well documented; how- 
ever, the sequelae of epididymal inflammation on 
male fertility remain poorly understood. In the 
epididymis, sperm is stored, sperm motility de- 
velops, and the sperm membrane matures to com- 
plete fertilizing potential. As a consequence, any 
inflammation of the epididymis may lead to a 
decrease in sperm count, altered motility, or sperm 
dysfunction. Scarring secondary to inflammation 
may finally lead to obstructive azospermia.°*° 
There is a paucity of data on the detrimental 
effects of epididymitis on sperm parameters. A re- 
view of the literature reveals only 5 studies investi- 
gating the impairment of sperm quality following a 
diagnosis of epididymitis, with the total number of 
patients from all studies of only 211 and the most 
recent study published more than 20 years ago in 
1991.7°4'® The consensus is that acute epididy- 
mitis usually leads to a temporary deterioration in 
sperm quality in most patients, with permanent 
damage including azospermia more than 2 years 
from diagnosis observed in some. Conversely, the 
incidence of either a history of or ongoing epididy- 
mitis in men with infertility is not known. However, 
the data available does suggest that epididymitis 
may have a detrimental effect on male fertility. 


Orchitis 


The true incidence of orchitis in the general male 
population remains unknown, with most of the 
knowledge extrapolated from data on epididy- 
mitis. Although an ascending canalicular bacterial 
infection may lead to orchitis, inflammation of the 
testis is usually associated with systemic viral 
infections, most notably mumps. Other viruses 
implicated in the development of orchitis include 
Coxsackie, Epstein-Barr, varicella, influenza, and 
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HIV.* Granulomatous orchitis is associated with 
tuberculosis, syphilis, and brucellosis. As men- 
tioned earlier, there is a high prevalence of inflam- 
matory changes in testicular biopsies from 
asymptomatic infertile men, leading to the thought 
that the effect of chronic testicular inflammation on 
male infertility is greatly underestimated. Further- 
more, inflammatory changes in chronic orchitis 
resemble those typically seen in experimental 
autoimmune orchitis, allowing one to conclude 
that both these conditions may lead to a loss in 
the testicular immune privilege.* 

There is a scarcity of data on the impact of orchi- 
tis on sperm parameters.*° What complicates 
matters is the absence of valid serologic or semi- 
nal markers and the difficulty in noninvasively diag- 
nosing orchitis without resorting to testicular 
biopsy. What is known is that despite adequate 
antimicrobial therapy and the absence of symp- 
toms, ongoing inflammation occurs in men with a 
history of orchitis.*° It is clear that testicular inflam- 
mation is common in men with infertility. What is 
unknown is do men with infertility have a higher 
frequency and/or more extensive testicular inflam- 
mation than men with normal fertility and if the 
inflammation causes the infertility. 


Urethritis 


The urethra is considered a conduit through which 
the ejaculate containing mature sperm exits the 
body. Consequently, any inflammation of the ure- 
thra is unlikely to impair spermatogenesis or 
directly affect sperm quality or function. However, 
it is not completely implausible that an ascending 
infection progresses from urethritis to epididymitis 
and possibly to epididymo-orchitis, thereby lead- 
ing to impaired fertility.” Furthermore, urethritis 
can cause urethral scarring and stricture forma- 
tion, leading to a decreased ejaculate volume 
and reduced fertility.2°4” 


PYOSPERM IA: A MARKER OF REPRODUCTIVE 
TRACT INFLAM MATION? 


Elevated levels of seminal leukocytes may be due 
to GU tract infections; however, there are multiple 
other reported causes for the elevated level of 
leukocytes, including certain exposures (smoking, 
environmental toxins, marijuana, and some medi- 
cations), GU surgery such as vasectomy reversals 
and urethral surgery, and autoimmunity.*®*° 
Elevated levels of leukocytes may also just be a 
marker for apoptosis, as the leukocytes are 
recruited to recycle the dying sperm.°°°' One 
question that arises is whether elevated levels of 
semen leukocytes may act as a marker of infection 
in the GU tract. Multiple studies have now shown 
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no correlation between elevated levels of semen 
leukocytes and bacteriospermia. In a large study 
on 7852 men, Domes and colleagues’? found no 
correlation between elevated levels of leukocytes 
and bacteriospermia, which mirrored the results 
reported by Wolff and colleagues®? and Yanush- 
polsky and colleagues. °° 

Are the elevated semen leukocyte levels good 
markers of GU inflammation? Certainly, elevated 
leukocyte levels in the semen are associated with 
multiple alterations in men’s fertility potential, with 
poorer sperm parameters such as reduced sperm 
count, motility, and normal sperm morphology; 
reduced sperm function as measured by the sperm 
penetration assay (SPA), elevation of the sperm 
DNA fragmentation assays; and finally reduced 
pregnancy rates for couples with male-factor 
infertility.851548 In small studies in which antibi- 
otics were used to treat men with pyospermia, the 
leukocytospermia declined and the SPA results 
improved.°’ Other groups have also successfully 
treated men with pyospermia using antioxidants 
and antiinflammatories, with reductions in the 
semen leukocyte levels and improved sperm pa- 
rameters seen.°°°° These results suggest that 
elevated semen leukocyte levels are markers of 
GU inflammation for some men. However, not all 
men with GU inflammation have elevated levels of 
semen leukocytes.”° 

However, until a standardized method to accu- 
rately and noninvasively diagnose GU inflamma- 
tion is developed, one needs to continue to use 
an elevated semen leukocyte concentration as a 
marker of GU inflammation. Although there are 
only a few studies on the treatment of men with 
elevated semen leukocyte levels, the limited litera- 
ture does suggest that the use of antibiotics, anti- 
inflammatories, and/or antioxidants may lead to a 
reduction in the semen leukocyte concentrations 
and improved sperm parameters. 


INFECTIONS—EFFECT ON THE MALE 
REPRODUCTIVE TRACT 


Infectious organisms could have a direct negative 
effect on sperm by directly interacting with sperm 
cells or potentially have a negative impact on 
fertility by a secondary effect either through the in- 
flammatory process inherent in the infection or due 
to the release of toxins. 

Any infection of the male genital tract leads to an 
inflammatory response whereby the body’s 
immune system attempts to fight off this infection. 
Chief among the causative infectious agents 
implicated in the male reproductive tract are 
gram-negative bacteria, which induce an inflam- 
matory response due in part to the release of the 


endotoxin lipopolysaccharide present in the cell 
wall.° Thus, one mechanism by which genital tract 
infections may lead to male infertility is by inducing 
a state of inflammation.° Evidence suggests that 
invading leukocytes present during the inflamma- 
tory response enhance the detrimental effect of 
the invading pathogen on semen quality.4°:°° 

Infections may also impair fertility because of the 
direct effect of the pathogen on the sperm cell. 
Several bacterial and viral pathogens are known 
to interact with and cause damage to spermatozoa, 
including C trachomatis, Escherichia coli, Urea- 
plasma urealyticum, and HBV.°''°? E coli is known 
to adhere to spermatozoa and can cause sperm 
agglutination, whereas U urealyticum impairs 
sperm nuclear chromatin integrity.°'°° HBV de- 
creases sperm motility by triggering a loss of mito- 
chondrial membrane potential.°* These pathogens 
are also known to induce a state of oxidative stress 
by triggering the release of ROS, leading to further 
impairment of sperm function.°°-4 


INFECTIONS—C TRACHOMATIS 


C trachomatis infection has been recognized as 
one of the most common bacterial sexually trans- 
mitted diseases (STDs) in North America; there- 
fore, assessing its impact on both male and 
female infertility is of utmost importance.°° One 
of the main initial obstacles remains the difficulty 
in diagnosing C trachomatis infection, with more 
than 50% of men and women not demonstrating 
any symptoms.°° Although it is acknowledged 
that C trachomatis leads to female infertility due 
to pelvic inflammatory disease (PID) and subse- 
quent tubal obstruction, its impact on male infer- 
tility is still debatable, with studies revealing 
conflicting results.°”°° Despite being widely prac- 
ticed, no clear guidelines exist for the screening of 
men with infertility for C trachomatis infection.°° 
In men, C trachomatis infection may lead to ure- 
thritis, epididymitis, epididymo-orchitis, and even 
prostatitis and may impair male fertility by causing 
scarring and obstruction along the male reproduc- 
tive tract.°” C trachomatis also leads to sperm cell 
apoptosis, as indicated by a high rate of DNA frag- 
mentation in patients with C trachomatis infec- 
tion.©° As with other STDs, coinfection with other 
infections is always a concern. Furthermore, un- 
recognized silent C trachomatis infection in male 
partners may easily be transmitted to their female 
counterparts, leading to the deleterious effects of 
this bacterium on female reproduction. When dis- 
cussing the potential impact of C trachomatis 
infection on male fertility, it is important to evaluate 
the prevalence of this disease in the specific target 
population being examined (Table 2).°°:’°-’® There 


Table 2 
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Studies evaluating Chlamydia trachomatis prevalence and semen parameters in men with infertility 


Number 


Continent of 
of Origin Study/Year Country 


Ochsendorf Germany 125 
et al,’”° 1999 
Pannekoek 
et al,’' 2003 
Eggert-Kruse 
et al,’? 2003 
Hamdad-Daoudi 
et al,’° 2004 
Hosseinzadeh 
et al,’“ 2004 
de Barbeyrac 
et al,” 2006 
North Bezold et al,’”° 
America 2007 
Domes et al,°® 
2012 
Vigil et al,” Chile 
2002 
Gdoura et al,”® 
2008 


Europe 
Netherlands 153 
Germany 707 
France 111 
United 


Kingdom 
France 


United 
States 
Canada 


Tunisia 


0, no change; 1, improved; [ii] worsened; ne, not evaluated. 


Data from Refs.°°:/0-78 


is considerable variability in the reported incidence 
of C trachomatis infection in various populations, 
ranging in the literature from 0% to 42%.°° In the 
largest study to date comparing screening results 
for STDs between men with infertility and the gen- 
eral population, Domes and colleagues®® reported 
that the rate of C trachomatis infection was lower 
in Canadian men with infertility (0.3% ) than in the 
general population. Therefore, although C tracho- 
matis infection has a negative effect on female 
fertility and likely leads to impaired fertility in 
some men, it is important to establish the preva- 
lence rates of the disease in the population of 
interest before considering launching any C tra- 
chomatis screening programs for men with 
infertility. 


INFECTIONS—N GONORRHOEAE 


Along with C trachomatis, N gonorrhoeae infection 
has been reported as one of the 2 most common 
bacterial STDs in North America.°° N gonorrhoeae 
infection in men causes urethritis and may rarely 
develop into unilateral epididymo-orchitis.*°*° 
This condition may lead to decreased fertility due 
to obstruction, development of urethral strictures 
and/or inflammation, and the impairment of tes- 
ticular function. Despite a paucity of data, 


Patients 


Effect on Semen Parameters 


Chlamydia 
Rate (%) 


1.6 0 0 0 


Motility Morphology Count 


46 ne ne ne 
1.8 0 0 0 
5.4 ne ne 

4.9 


1.2 


2.5 


0.3 


N gonorrhoeae infection is more relevant than 
C trachomatis in the context of male infertility.2° 
However, in the above-mentioned study by Domes 
and colleagues, © the prevalence of N gonorrhoeae 
infection in the Canadian male population with 
infertility was low (0.05%). Therefore, this further 
highlights the need for determining specific preva- 
lence rates before instituting screening programs, 
despite the known deleterious effects of the 
disease. 


INFECTIONS—OTHER BACTERIAL STDS 


In addition to C trachomatis and N gonorrhoeae, 
several other bacterial STDs have been discussed 
in the context of male infertility, including the genital 
mycoplasmas Mycoplasma hominis, Mycoplasma 
genitalium, and U urealyticum and Gardnerella vag- 
inalis.°’ Although the mycoplasmas are the most 
common bacteria reported to be found in the 
semen, the role of these mycoplasmas in male 
infertility is unknown. 

U urealyticum is the most common pathogen 
isolated from the genital tract of men with infertility, 
occurring with a frequency of 10% to 40% (iso- 
lated from semen).°°’° U urealyticum and the 
other mycoplasmas are now most commonly 
detected using polymerase chain reaction 
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technology.°° The use of semen or first voided 
urine to detect the presence of these organisms 
is equivalent.” Studies have shown that men 
with infertility have higher frequencies of U urealy- 
ticum detection in the semen than controls.’ 
Although U urealyticum infection may cause ure- 
thritis, leading to possible scarring and obstruc- 
tion, the effects of U urealyticum infections on 
male fertility remain controversial, leading most 
to not offer routine testing for U urealyticum for 
men with infertility.®®79 

M hominis has been shown to affect semen 
parameters when incubated overnight with 
spermatozoa.°* Gdoura and colleagues? noted 
that the presence of M hominis was associated 
with lower sperm counts and poorer sperm 
morphology in a study on 120 men with infertility. 
Comparing control men who are fertile, Al-Sweih 
and colleagues™ noted a trend toward higher 
rates of M hominis detection (17.1% vs 32.4%) in 
men with infertility. M genitalium can be trans- 
mitted to female partners because of its ability to 
attach to spermatozoa and may cause PID and 
subsequent female infertility.°° 

All these organisms are commonly seen in asso- 
ciation with other pathogens, and therefore, it is 
unclear if they are causative agents implicated in 
infertility or are associated with other conditions 
leading to male infertility.°”°° Pannekoek and col- 
leagues?” suggested that the mycoplasmas U ure- 
alyticum and M hominis were colonizing the GU 
tract and not causing active inflammation. It is 
not at present commonly recommended to screen 
for any of these infectious agents for men present- 
ing with infertility.°°°° The effect of the myco- 
plasmas on male fertility is an area for future 
studies. 


INFECTIONS—NON-STD BACTERIA 


Other non-STD gram-negative and gram-positive 
bacteria have also been implicated in the process 
of male infertility, but there is great controversy in 
the literature about the role of these infections in 
male infertility. An aerobic semen culture is often 
obtained to confirm or rule out the presence of bac- 
teria. However, this may be an inaccurate measure 
of infections in the reproductive organs, as sample 
collection techniques vary and contamination from 
skin, meatal, or urethral pathogens is common.®® 
There are several studies on the frequency of 
bacteriospermia in men with infertility, with the fre- 
quencies reported to range from 10% to 85% .8° In 
the largest study on the presence of bacteriosper- 
mia in men with infertility, 15% (1200/7852) of 
infertile men had bacteriospermia.*® Although 
there were a total of 22 species identified, 90% 


of the bacteria were of 4 species: Enterococcus fe- 
calis (56%), E coli (16%), group B Streptococcus 
(13%), and Staphylococcus aureus (5%). In this 
study, the presence of a bacterial infection was 
associated with higher sperm DNA fragmentation 
rates, but no statistically significant changes 
were found in sperm concentration, motility, and 
morphology compared with infertile men without 
significant bacteriospermia. The presence of 
elevated seminal leukocyte levels alone (with or 
without associated bacteriospermia) was associ- 
ated with a statistically significant deterioration in 
sperm concentration, motility, and morphology. 

The second largest study ever published on 
bacteriospermia by Balmelli and colleagues°° on 
3196 men with infertility detected similar rates of 
bacteriospermia as in the Domes and colleagues 
paper. This group also found no association be- 
tween the presence of bacteriospermia and sperm 
count, motility, or morphology. They did not report 
on sperm DNA fragmentation rates. Similarly, 
Gregoriou and colleagues?’ and Naessens and 
colleagues°* found bacteria frequently in the 
semen using routine cultures, but the presence 
of bacteriospermia was not associated with 
changes in sperm parameters. 

Several studies have also reported on the pres- 
ence of anaerobic bacteria in the semen of men 
with infertility. Strict anaerobes may be found in 
almost all semen samples (from men with infertility 
and from control men who are fertile), but it is un- 
clear about the role of these anaerobes and their 
association with male fertility. Anaerobic culturing 
is not recommended as a routine for the investiga- 
tion for men with infertility.°'~°° 

Do specific bacterial species affect male 
fertility? A study by Rodin and colleagues” did 
identify an association between semen infections 
with Streptococcus viridans and E fecalis and 
reduced sperm quality, but the study by Domes 
and colleagues*® did not detect this association. 

Although it seems that the classic sperm param- 
eters of count, motility, and morphology are not 
affected by the presence of bacteria in semen, is 
there an effect on other semen parameters? Berger 
and colleagues”? noted that the SPA result was not 
adversely affected by the presence of bacteriosper- 
mia, but the presence of leukocytes was associated 
with decreased levels in SPA. Domes and 
colleagues*® reported that men with bacteriosper- 
mia had higher levels of DNA fragmentation than 
men with infertility without bacteriospermia, and 
Moskovtsev and colleagues®° reported that spe- 
cific antibiotics to treat bacteriospermia resulted 
in significant decreases in sperm DNA fragmenta- 
tion rates (decline from 50.4 [Œ]19.1% to 38.6 [E] 
18.7%, P<.001 following antibiotic treatment). 


In summary, the routine use of aerobic or anaer- 
obic semen cultures for men with infertility is not 
recommended at present. The significant risk of 
contamination of the semen with skin or meatal or- 
ganisms means that many if not most of the posi- 
tive results of semen cultures are false positive and 
do not reflect the presence of infections in the 
reproductive organs. Aerobic cultures of the 
semen could be considered for those men found 
to have elevated levels of sperm DNA fragmenta- 
tion, with antibiotic therapy offered for those with 
a positive culture. 


INFECTIONS—VIRUSES 


Mumps is perhaps the most well-recognized virus 
affecting the male reproductive tract, which may 
lead to orchitis in up to 37% of pubertal and postpu- 
bertal men, with 16% to 65% of cases being bilat- 
eral.4°° This inflammatory condition is the most 
common complication of mumps in men belonging 
to this age group, with typical onset around 3 to 
10 days after the development of parotitis. How- 
ever, it is vital to remember that orchitis may 
develop even with no history of parotitis noted. 
Eventually, around 50% of involved testicles will 
exhibit some level of atrophy 1 year postinfection, 
thereby possibly leading to impaired fertility. 
Furthermore, severe bilateral cases of mumps or- 
chitis may also lead to impaired androgen produc- 
tion in the testes.*°” 

The last few years have seen significant prog- 
ress in the study of the effect of other viruses on 
male fertility, with particular interest given to HIV, 
HBV, and HCV.’ As with bacterial infections, viral 
infections may follow a chronic course, may affect 
any compartment of the male reproductive tract, 
and can have a deleterious effect on both sper- 
matogenesis and hormone production.°°:°° These 
3 viruses can be found in the semen of infected 
men, with HBV known to have the ability to cross 
the blood-testis barrier and integrate into germ 
cell genomes.°°°° The true incidence of these 
viruses in men presenting with infertility is difficult 
to ascertain, and it is likely that most patients are 
already aware of their disease before presentation. 
In a study by Bezold and colleagues’° out of the 
United States, 0% of asymptomatic men with 
infertility were found to be HBV positive. Mansoor 
and colleagues'°° revealed an incidence rate of 
2.1% for HBV, 1.1% for HCV, and 0% for HIV 
among the population of Saudi men with infertility. 
On the other hand, in a Chinese study by Lam and 
colleagues, '°' 11.1% of men presenting for assis- 
ted reproduction were found to be HBV positive. 
These data reveal a possible population-specific 
prevalence of viral infections in infertile men that 
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may mirror the prevalence of the disease in the 
general population. '°' 

There is remarkable agreement in the literature 
with regards to the association of viral infections 
with poor sperm parameters. One study evaluating 
sperm parameters in HBV-seropositive patients 
and 2 others evaluating patients with chronic HBV 
infection all found an impairment in all 3 sperm pa- 
rameters of motility, morphology, and count. 102-104 
Other studies showed that sperm cells exposed to 
HBV suffered from oxidative stress.°*''°° Several 
studies have also reported on the detrimental 
effects of hepatitis C virus (HCV) infection on sperm 
parameters, with 4 studies revealing a reduction in 
all 3 sperm parameters of motility, morphology, and 
count. 102-106-108 Furthermore, as seen with HBV 
infection, HCV does seem to induce oxidative 
stress in sperm cells exposed to the virus. '°5:'°° It 
is therefore reasonable to conclude that HBV and 
HCV infections in men lead to impairment of sperm 
quality. Despite this, testing for HBV and HCV in 
men with infertility is currently not routinely per- 
formed. Testing in regions of high carrier and dis- 
ease prevalence could be considered. 

Research on HIV has garnered great interest, 
particularly given the extended survival and 
improved quality of life provided for patients with 
current antiretroviral therapy.'°° Several studies 
have shown a reduction in all 3 semen parameters 
in association with HIV infection.'°°''? Others 
have also shown that asymptomatic seropositive 
men had normal semen parameters that clearly 
worsened with disease progression. 11113 Further- 
more, although antiretroviral therapy does prolong 
life for HIV-infected patients, it has been shown to 
be detrimental to semen quality.111114 It is there- 
fore clear that HIV infection is associated with 
impaired semen parameters. 

Finally, herpes virus and human papilloma virus 
(HPV) have also been shown to be associated with 
impaired male fertility.°° These viruses are com- 
mon viruses, and their effect on fertility is unclear. 
The association with infertility may be due to the 
fact that many of the men with these viral infec- 
tions harbor other reproductive tract infections. 
Routine screening of the population with infertility 
for herpes virus and HPV is currently not recom- 
mended. Table 3 provides a summary of bacterial 
and viral infections, their prevalence, and their 
effect on male fertility. 


INFLAMMATION, INFECTIONS, AND 
ANTISPERM ANTIBODIES 


Antisperm antibodies (ASAs) develop following a 
disruption of the blood-testis barrier formed by 
the tight junctions between adjoining Sertoli 
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Table 3 
Association between various pathogens and male infertility 


Pathogen 


Bacteria 


Chlamydia 
trachomatis 


Neisseria 
gonorrhoeae 


Other bacterial 
STDs 


Non-SID bacteria 
Aerobic 
bacteria 
Anaerobic 
bacteria 


Viruses 
Mumps 


Reported Frequency in 
Men with Infertility 


0.3% 42% 


Similar to prevalence 
in general 
population 


U urealyticum in 
up to 40% 
M hominis and 


M genitalium 
also common 


10%-85% 


Up to 100% 


Unknown 


Unknown, 
probably very low 


0%-11% 
Unknown, probably 
very low 


Variable, up to 17% 


Variable, up to 50% 


Abbreviation: STD, sexually transmitted disease. 


Effect on Male Fertility 


Possibly; may impair 
sperm motility 


Probably; causes 
urethritis and 
epididymo-orchitis 


Possibly; M genitalium 
can attach to sperm 
cells 

M hominis may alter 
sperm parameters 


Probably; causes 
prostatitis and 
epididymo-orchitis 


Probably; if complicated 
by orchitisthen may 
affect androgen 
production and cause 
testicular atrophy 


Probably; impairs sperm 
parameters, also due 
to antiretroviral 
therapy 

Probably; impairs sperm 
parameters 

Probably; impairs sperm 
parameters 

Possibly; may impair 
sperm motility 

Possibly; impairs sperm 
parameters 


Screening 
Recommendations 


Screening in specific 
populations with 
higher prevalence 
of Ctrachomatis 

Screening in specific 
populations with 
higher prevalence 
of N gonorrhoeae 


Screening not 
suggested 


Routine screening 
not suggested 
Aerobic cultures for 
those with elevated 
sperm DNA 
fragmentation rates 


Screening not 
suggested 


Screening not 
suggested 


Screening not 
suggested 
Screening not 
suggested 
Screening not 
suggested 


Screening not 
suggested 


cells.''° This disruption can occur due to a variety 
of conditions, including testicular trauma and tor- 
sion, as well as after vasectomy. ASAs have 
been found in up to 12% of men with infertility 
and up to 2.5% of men who are fertile.''° Despite 
their obvious damaging potential, it is still unclear 
whether inflammatory or infectious conditions 
lead to the formation of ASAs. Available evidence 
points more toward abandoning inflammation 
and infection as a potential source of ASAs, 


although this evidence is limited with several po- 
tential confounders.''® In the male reproductive 
tract, it is possible that the formation of ASAs 
may be organ related, pathogen dependent, or 
both. Furthermore, the development of ASAs 
may also be related to the chronicity of the inflam- 
matory response and the success of any treat- 
ments given. Therefore, it is still unclear whether 
testing for ASAs should routinely be performed in 
men with a known history of male genital tract 


infection or inflammation, independent of findings 
on semen analysis. 


SUMMARY 


It is clear from this review that GU inflammation 
is commonly found in men with infertility, but it is 
also clear that there are limited means to noninva- 
sively diagnose the presence and causes of 
inflammation for most of these men. Although 
inaccurate, the presence of elevated numbers of 
leukocytes in the semen is the most widely used 
noninvasive marker that is presently available for 
GU inflammation for men with infertility. Pyosper- 
mia is associated with significantly impaired sperm 
parameters and function: treating men with pyo- 
spermia using empiric therapies of antibiotics, 
antiinflammatories, and antioxidants may reduce 
the number of semen leukocytes and improve 
sperm parameters. 

The cause of the inflammation is often unclear; 
several bacterial and viral infectious conditions 
have the potential to cause GU inflammation and 
negatively affect male fertility. However, the ability 
to accurately diagnose GU infections in men with 
infertility is limited, and if the diagnosis of a GU 
infection is made, one usually does not have proof 
that this particular GU infection is related to 
impaired fertility. In many cases, bacteriospermia 
is not a reflection of an infection in the GU tract 
but is due to contamination from the skin, meatus, 
or urethra. Even if bacteria are identified from the 
GU tract, usually there is limited proof that these 
organisms cause the infertility. There are limited 
data to support the use of routine testing to detect 
seminal bacteria for asymptomatic men with infer- 
tility. In regions with higher endemic rates of C tra- 
chomatis or N gonorrhoeae infections, specific 
testing for these organisms seems justified. 

GU inflammation is highly prevalent in men with 
infertility and could represent one of the most 
common causes of male infertility. Future work to 
develop new noninvasive diagnostic tests to accu- 
rately identify GU inflammation will be a key to 
understanding the role of inflammation in male 
infertility. 
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KEY POINTS 


C bDbstructive azoospermia accounts for 40% of azoospermia and results from obstruction of the 
excurrent ducts (due to many causes) at any location between the rete testis and the ejaculatory 


ducts. 


[Physical examination, along with possible use of genetic/laboratory testing, ultrasonography, vas- 
ography, and/or testis biopsy as indicated helps to definitively diagnose obstructive azoospermia, 
determine the location of the obstruction, and select appropriate management. 

[=freatment options include microsurgical reconstruction (possible in most cases) or sperm aspira- 
tion (ie, microsurgical epididymal sperm aspiration) without reconstruction. 

[EvBurgical reconstruction relies on central microsurgical tenets including mucosa-to-mucosa approx- 
imation, cutting back to healthy tissue with good blood supply, and assuring a tension-free anas- 


tomosis. 


Videos of microsurgical vasovasostomy and microsurgical vasoepididymostomy accompany this 


article at http://www.urologic.theclinics.com/ 


BACKGROUND 


Azoospermia, the absence of sperm in the ejacu- 
late (confirmed by 2 centrifuged semen speci- 
mens), is identified in 15% of infertile men and 
results from pretesticular, testicular, or posttestic- 
ular causes, and may be classified as obstructive 
azospermia (OA) or nonobstructive azoospermia 
(NOA).' OA, which is caused by excurrent duct 
obstruction, comprises 40% of all azoospermia 
cases.* Excurrent ductal obstruction, which can 
occur anywhere along the male reproductive tract 
(rete testis, efferent ducts, epididymis, vas defer- 
ens, and ejaculatory duct) is classically character- 
ized by normal spermatogenesis. In most cases of 
OA, normal or near-normal sperm production con- 
tinues in the testis.° Microsurgical reconstruction, 
when possible, is a safe, efficacious treatment 


in most cases of vasal or epididymal obstruction 
by vasovasostomy (VV) or vasoepididymostomy 
(VE), respectively. Occasionally, transurethral re- 
section of the ejaculatory ducts (TURED) is 
necessary for ejaculatory duct obstruction. In un- 
reconstructable cases, viable sperm can almost 
always be retrieved for use with in vitro fertilization 
(IVFYintracytoplasmic sperm injection (ICSI). 


CAUSES 


The most frequent causes of vasal obstruction 
are vasectomy and iatrogenic vasal obstruction, 
which occurs most often after inguinal hernia 
repair (either pediatric or adult herniorrhaphy 
especially when mesh is used).* Vasal obstruction 
may also be caused by previous vasography with 
improper technique or irritation from contrast 
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medium. Epididymal obstruction may occur sec- 
ondary to existing vasal obstruction (which exerts 
increased intraluminal pressure leading to micro- 
rupture and obstruction of the fragile epididymal 
tubules). Such epididymal obstruction secondary 
to previous vasal obstruction may occur in up to 
60% of men 15 years after vasectomy.° In other 
cases, epididymal obstruction may occur after 
trauma. Hydrocelectomy is commonly associated 
with iatrogenic epididymal injury because the 
epididymis may be difficult to identify especially 
in large chronic hydroceles.® It is important to 
recognize that one stitch through an epididymal 
corpus or cauda tubule can result in complete 
obstruction of this side. Percutaneous epididymal 
sperm aspiration (PESA), or less frequently micro- 
surgical epididymal sperm aspiration (MESA) or 
inadvertently performed epididymal incision or 
biopsies, may result in iatrogenic obstruction. 
Congenital abnormalities are a common cause of 
OA, usually congenital unilateral absence of the 
vas deferens (CUAVD), congenital bilateral 
absence of the vas deferens (CBAVD), and, less 
commonly, partial or complete absence of the 
epididymis, or idiopathic epididymal obstruction. 

In addition to intentional and unintentional 
surgical obstruction or trauma of the vas or epidid- 
ymis, genitourinary infection may also cause uni- 
lateral or bilateral obstruction. Severe acute or 
chronic epididymitis, and prostatic or seminal 
vesicle inflammation can lead to scar formation 
and eventual obstruction. Idiopathic cases of pri- 
mary epididymal obstruction are often caused by 
lower genitourinary tract infection. In addition, 
Young syndrome, which includes sinobronchial 
disease and OA caused by thickened secretions 
and impaired ciliary and sperm tail function, is 
characterized by the absence of structural abnor- 
malities, normal hormones, and normal testicular 
biopsy.” 

In addition to vasal and epididymal obstruction, 
ejaculatory duct obstruction (EDO) should also be 
considered in the differential for OA (Box 1). EDO, 
present in less than 5% of azoospermic men, may 
result from trauma, previous surgery, infection, or 
congenital prostatic, seminal vesicle, or utricular 
cyst. In the case of cysts, external pressure from 
cysts can lead to EDO. EDO is classically defined 
by low semen volume, low semen pH, absent fruc- 
tose in semen (basic, fructose-positive fluid is the 
normal contribution of seminal vesicles), and 
palpable vas deferens (obviously not found in 
CBAVD) on physical examination. If EDO is a 
consideration, improper semen collection (the 
most common cause of reduced ejaculate volume) 
and ejaculatory dysfunction (including retrograde 
ejaculation for which postejaculate urinalysis 


Box 1 

Causes of obstruction of the genitourinary 
reproductive system 

Epididymis 

Infection (acute/chronic epididymitis) 


Previous iatrogenic epididymal incision for 
sperm aspiration/biopsy 


Previous scrotal surgery (ie, hydrocelectomy) 


Congenital (partial or complete absence of 
epididymis) 


Young syndrome 
Vas Deferens 
Vasectomy 


latrogenic: herniorrhaphy or other previous 
scrotal surgery with accidental vas deferens 
ligation 


CUAVD, CBAVD 
Vasotomy/vasography with improper technique 


Fjaculatory Duct 


Cysts (Mullerian utricular, prostastic, seminal 
vesicular) 


Traumatic 


latrogenic (postoperative) 


Infection (ie, prostatic) 


should be completed) must also be ruled out 
because the presentation could be similar. In 
addition, if none of the aforementioned apply, 
then cystic fibrosis transmembrane conductance 
regulator (CFTR) mutation may be the cause. 
Markers of an obstructed system include the 
absence of marker substances from the epidid- 
ymis (a-glucosidase), seminal vesicle (fructose), 
and prostate (zinc) in the semen. However, if 
obstruction is unilateral or partial, these sub- 
stances may be present. 


DIAGNOSIS 


OA is characterized by normal testicular volume 
(15-25 mL per testis), normal follicle-stimulating 
hormone (FSH) level, and azoospermia. History 
and physical examination are critical to identify 
predisposing factors for OA. To differentiate OA 
from nonobstructive azoospermia (NOA), patients 
should be specifically queried regarding OA and 
NOA risk factors. OA risk factors include previous 
vasectomy, other previous surgery (inguinal, 
scrotal, or genitourinary tract), genitourinary infec- 
tion, chronic bronchopulmonary infection, or 
gastrointestinal (GI) abnormality associated with 


congenital absence of the vas deferens (CUAVD or 
CBAVD). Reproductive history with previous suc- 
cessful pregnancy and/or children suggests OA. 
NOA risk factors include delayed development, his- 
tory of cryptorchidism, and previous gonadotoxic 
treatments including chemotherapy, radiation, 
environmental exposures, and treatment with 
exogenous testosterone. 

Unlike NOA, the exocrine and endocrine 
capabilities of the testes remain functional in 
OA. Physical examination includes inspection 
for previous surgical scars in the pelvis or inguinal 
region, evaluation of the vasa to ensure that they 
are present, and palpation of the epididymides to 
identify fullness, induration, irregularity, partial 
absence, or complete absence. Epididymal 
obstruction is suspected with a full epididymis, 
the presence of the vas deferens, and normal 
testicular volume. Vasal gaps and length of the 
testicular remnant vasal end should be exam- 
ined. The testicular vas length indicates whether 
vasectomy was performed in the convoluted 
vas (which may cause increased intraluminal 
pressure and possible epididymal injury) com- 
pared with a vasectomy higher in the scrotum 
which would theoretically decrease intraluminal 
pressure. The presence of sperm granuloma at 
the vasectomy site should also be assessed 
because granuloma relieves back pressure on 
the epididymis and is associated with decreased 
risk of epididymal obstruction, better quality in- 
traoperative vasal fluid, and is considered to be 
a predictor of microsurgical vasectomy reversal 
outcome.° Testicular volume and consistency 
must also be assessed because normal volume, 
firm testes are characteristic of OA, whereas 
small, soft testes more likely reflect NOA. If the 
vas is absent on one or both sides, then genetic 
testing for cystic fibrosis (CF) mutations is war- 
ranted as described later. Digital rectal examina- 
tion may identify risk factors for EDO including 
midline prostatic cysts or seminal vesicle dilation. 

Scrotal ultrasonographic imaging can be useful 
to confirm physical examination findings with 
direct imaging of testicular/paratesticular regions 
for abnormalities that may be associated with 
obstruction, including spermatocele, varicocele, 
vasal absence or dilation, epididymal absence or 
duct ectasia, masses, or cystic epididymal abnor- 
malities in men with a normal FSH level.'°"' 
Particularly, ultrasonographic analysis of the caput 
epididymis may be useful to confirm OA.'2 Trans- 
rectal ultrasonography is particularly helpful in the 
diagnosis of EDO, and can detect prostatic and 
seminal vesicle changes including infectious alter- 
ations and congenital or traumatic structural 
anomalies (midline Mullerian duct prostatic cysts, 
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ejaculatory duct calcification, ejaculatory duct 
dilation, and seminal vesicle dilation >1.5 cm 
wide).'° In the case of EDO, seminal vesicles 
may be aspirated and can reveal high concentra- 
tions of sperm or EDO may be confirmed by 
vasography (discussed in EDO treatment). Trans- 
rectal and scrotal ultrasonography together can 
help to confirm the diagnosis of OA or NOA."' 

In terms of the initial laboratory tests, FSH (<7.6 
IU/L) and testosterone levels should be checked 
and should be normal in OA, which reflects intact 
Sertoli and Leydig cell function, respectively. 14 
FSH, if increased, may suggest an increased 
requirement for assisted reproduction after 
vasectomy reversal. Inhibin B may also be 
checked and should be in the normal range, not 
decreased as it is in NOA. Despite variability in in- 
tralaboratory and interlaboratory testing, young 
healthy men should have an FSH level less than 
7.6 IU/L and testosterone level greater than 
300 ng/dL. By contrast, NOA includes both 
primary and secondary testicular failure and 
these can be differentiated by a serum panel of 
total testosterone, luteinizing hormone (LH), FSH 
(>7.6 IU/L), and prolactin. In NOA caused by 
secondary testicular failure (hypogonadotropic 
hypogonadism), testosterone is decreased sec- 
ondary to decreased LH and FSH from hy- 
pothalamic or pituitary dysfunction. In primary 
testicular failure, LH and FSH are typically 
increased with poorly functioning testes produc- 
ing lower levels of testosterone and inhibin B, 
which exert less negative feedback on pituitary 
gonadotropin secretion. In addition, a history of 
a positive serum antisperm antibody test 
indicates active spermatogenesis and can 
obviate the need for testicular biopsy before 
reconstruction. 17 

Semen analysis is critical in the diagnosis of 
OA because bilateral obstruction results in azoo- 
spermia (no sperm in semen pellet after centrifu- 
gation on 2 separate tests), whereas unilateral 
obstruction and partial epididymal obstruction 
may be compensated for by the contralateral non- 
obstructed side. Unilateral and partial obstructions 
bilaterally can lead to severe oligospermia or as- 
thenoteratospermia. Ejaculate volume remains 
within the normal range (>1.5 mL) if obstruction 
is located proximally to the ejaculatory ducts 
because most of the seminal fluid is derived from 
the prostate gland and seminal vesicles. Ejaculate 
volume is low by definition in the situation of EDO. 
With incomplete obstruction, occasionally rare 
sperm can be identified in the ejaculate, which 
may be adequate for successful ICSI. In addition, 
rare intact sperm in centrifuged pellets in semen 
are identified in approximately 10% of men 
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seeking vasectomy reversal, and this finding indi- 
cates that sperm can be found in the testicular 
vasal lumen on at least 1 side, and is associated 
with favorable outcomes. '® 

If testis volume is normal, vasa are present on 
physical examination, and there is strong suspi- 
cion for obstruction with serum FSH level less 
than 7.6 IU/L and normal semen volume, no ge- 
netic testing is indicated. Genetic testing is also 
not indicated in patients who have an established 
previous history of fertility or those patients with 
a sperm concentration greater than 5 million/mL. 
If CUAVD or CBAVD is suspected, then genetic 
testing is conducted for CFTR gene mutation as 
well as renal ultrasonography to rule out renal 
agenesis. Men with CBAVD carry 2 affected 
CFTR alleles with a 10% to 15% chance of addi- 
tional abnormalities. If renal agenesis exists with 
CBAVD, however, this likely occurs secondary to 
non-CF mutation-mediated genetics caused by 
abnormal mesonephric duct development.'? In 
patients with CUAVD/CBAVD, semen volume is 
low, has low pH (<7) and is fructose negative, 
consistent with seminal vesicle atresia, which is 
common in these patients. If vasa are palpable 
but semen volume is low (<1.5 mL), genetic testing 
for CFTR mutation is indicated as well because 
seminal vesicle atresia/obstruction is a possible 
cause and could indicate normal scrotal vasa 
and absent retroperitoneal vasa (partial absence 
of the vas). In addition, many patients with CUAVD 
have contralateral obstruction of the seminal 
vesicle and commonly carry CF mutations. If there 
is suspected idiopathic epididymal obstruction, 
then some groups advocate checking CFTR muta- 
tions because up to 50% of these men may 
demonstrate mutations. Female partner testing 
(up to 5% may be heterozygotes among whites) 
and genetic counseling are critical before assisted 
reproductive technology (ART). If the woman is a 
CF heterozygote, selection of unaffected embryos 
with preimplantation genetic diagnosis may 
reduce the chances of having a child with clinical 
CF or infertility, but it will not eliminate the 
possibility. 

CF, the most common autosomal recessive 
condition in the non-Hispanic white population, is 
a disease with a progressive clinical course 
affecting lung, pancreas, and GI systems. CF is 
caused by genetic abnormalities in the CFTR 
gene, which is involved in the regulation of 
exocrine epithelial cell secretion consistency and 
results in increased sweat chloride concentration 
(>60 mmol/L). More than 95% of males with CF 
demonstrate CBAVD. More than 1700 mutations 
and abnormalities have been discovered, with a 
spectrum of consequences (isolated CBAVD, 


cordlike vas without lumen, hypoplastic or absent 
epididymal corpus/cauda, CF) based on whether 
there is reduction or absence of CFTR protein 
product.” Following the recommendations of 2 
groups, the American College of Medical Genetics 
(ACMG)and the American College of Obstetricians 
and Gynecologists (ACOG), most CF screening 
panels include 30 to 50 mutations (commonly 
F508del and 5T,7T,9T variants), which occur 
most frequently in patients of Jewish and northern 
European origin who manifest clinical CF.2':22 
Such mutations are not necessarily identified in 
patients with CBAVD. More complete CFTR gene 
screening can be conducted, but mutations may 
still not be identified in up to 25% of patients 
with CBAVD. In addition, complete analysis of 
the CFTR gene with DNA sequencing is generally 
used for patients with a history of CF or males 
with CBAVD. In cases of OA without the possibility 
of reconstruction (CBAVD), MESA is indicated with 
ART leading to excellent outcomes.?°:*4 

Open testis biopsy (optimally performed with 
the microscope) may be indicated to distinguish 
OA from NOA in azoospermic men with normal- 
sized testes, palpable vasa deferentia, normal 
FSH levels, and a negative serum antisperm 
antibody test. Testis biopsy specimens should 
always be placed in Bouin, Zenker, or collidine- 
buffered glutaraldehyde solutions, but never 
formaldehyde, which distorts testicular architec- 
ture. In men with CBAVD, testicular biopsy 
commonly demonstrates spermatogenesis and 
does not need to be performed before definitive 
aspiration for IVF/ICSI. 


TREATMENT AND OUTCOMES 


Options for men with OA are microsurgical recon- 
struction or sperm retrieval to be used for ART 
including IVF/ICSI. When reconstruction is fe- 
asible, the decision when to reconstruct or to 
retrieve is based on numerous factors including 
the number of children desired, previous surgical 
history, previous fertility as a couple, female part- 
ner age, female factor infertility, religious beliefs, 
possibility for natural conception, and financial sit- 
uation. Of the 600,000 men undergoing vasectomy 
annually in the United States, up to 6% of men ul- 
timately seek vasectomy reversal. Obstruction 
may occur at any location along the genital tract 
and this can be confirmed by vasography at the 
time of definitive reconstruction. Indications for va- 
sectomy reversal include the desire to have more 
children, postvasectomy pain management, and 
treatment of iatrogenic (herniorrhaphy, orchido- 
pexy, hydrocelectomy), traumatic or infectious 
causes of vasal or epididymal obstruction. For 


patients with infertility before vasectomy, preoper- 
ative evaluation and occasionally testicular biopsy 
may be performed either before or at the time of 
initiation of vasectomy reversal. 


VV/VE Surgical Principles 


Vasal obstruction is treated by microsurgical VV 
(Fig. 1, Video 1) and epididymal obstruction is 
treated by microsurgical VE (Fig. 2, Video 2).7° 
Microsurgical reconstruction is most often per- 
formed under general anesthesia in the supine po- 
sition with all pressure points padded in standard 
fashion. Bilateral, high, vertical incisions are 
made, approximately 1 cm lateral to the base of 
the penis. This incision location facilitates testicular 
delivery and exposure of the vas (up to the inguinal 
canal) and epididymis as needed to ultimately facil- 
itate tension-free anastomosis. Alternatively, an 
inguinal incision may be incorporated if the patient 
has a history of herniorrhaphy or orchidopexy with 
likely obstruction of the inguinal vas. Successful 
anastomosis relies on meticulous mobilization of 
the vas to increase vasal remnant length without 
stripping the vasal vessels. With a history of vasec- 
tomy, the vasectomy site is identified and the vas is 
transected on the testicular side of the vasectomy 
site. The vas is cut with an ultrasharp knife drawn 
through a slotted 2.0-mm or 2.5-mm diameter 
nerve holding clamp, which permits a perfect 90 
cut. A healthy white mucosal ring of the vas should 
be identified. If the tissue is scarred or the mucosa 
is floppy and easily detaches from the underlying 
muscle, the vas should be recut until healthy 
bleeding with a crisp clean mucosal ring is noted. 
Vasal fluid is then examined using a bench micro- 
scope under 400LE]magnification (Table 1).7° If 
there is no history of vasectomy and primary 
epididymal obstruction is suspected, the vas is 
hemitransected at the junction between straight 
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and convoluted vas. If sperm are identified in vasal 
fluid, then the location of obstruction is identified 
by vasography toward the abdominal portion of 
the vas. If no sperm or sperm parts are identified 
in vasal fluid, then epididymal obstruction is con- 
firmed and VE is completed. 

Confirmation of abdominal end vasal patency is 
obtained using a 24-gauge angiocatheter to inject 
normal saline with a 1 mL syringe that does not 
encounter resistance. If patency is not certain, 
then 1 mL of indigo carmine (in a 1:1 ratio with 
lactated Ringer’s solution) may be injected in the 
abdominal end of the vas using a 24-gauge angio- 
catheter while a 16-Fr Foley catheter with a 5-mL 
balloon is placed on gentle traction against the 
bladder neck. Indigo carmine, rather than methy- 
lene blue, is used because of the known toxic 
effects of methylene blue on sperm. With a patent 
abdominal vas, the urine becomes blue. Further- 
more, a 2-0 prolene suture may be passed into 
the abdominal end of the vas (with a clamp placed 
on the suture when it meets obstruction) to calcu- 
late the distance to the location of the distal 
obstruction. This is particularly useful when iatro- 
genic vasal obstruction from hernia repair is sus- 
pected. Vasography is relatively indicated in men 
with low semen volume and evidence of EDO. If 
vasal fluid contains no sperm, this indicates 
probable epididymal obstruction and vasography 
(indigo carmine or saline) confirms abdominal vas 
patency before VE. If vasal fluid is copious with 
many sperm, this indicates vasal obstruction or 
EDO, and formal contrast vasography pinpoints 
the precise site of obstruction. If vasal fluid is 
copious, toothpastelike, and without sperm in a 
dilated vas, this indicates secondary epididymal 
obstruction with possible simultaneous distal 
obstruction (of vas or the ejaculatory duct). Vasog- 
raphy must be performed precisely because 
improper technique can lead to stricture 


Fig. 1. (A, B) Microsurgical VV: vasal ends prepared using the microdot technique and Goldstein microspike 


approximator clamp. 
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Fig. 2. (A, B) Microsurgical VE: the LIVE technique with 10-0 stitches placed in the vas and selected epididymal 


tubule. 


formation, sperm granuloma, or obstruction 
caused by vasal blood vessel injury at the vasogra- 
phy site. Proper vasography technique includes 
isolation of a clean vas segment and hemitransec- 
tion with a 15“ophthalmic microknife. Extruded 
vasal fluid is examined microscopically to deter- 
mine fluid quality, which indicates the location of 
the obstruction. If cryopreservation is desired, 
motile sperm samples should be obtained before 
the vasogram. Formal vasography is completed 
with a no. 3 whistle-tip ureteral catheter placed 
gently into the lumen of the abdominal end of the 
vas. A 16-Fr Foley catheter is placed into the 
bladder, the balloon is filled with 5 mL of air, and 
it is placed on mild traction. Subsequently, 
0.5 mL of water-soluble radiographic contrast me- 
dium is injected to conduct the vasogram. If 
TURED is indicated, the vasography site is micro- 
surgically closed after confirmation that the 
TURED was successful by verification with indigo 
carmine at the vasography site. 

If VV is indicated, a tension-free, watertight, 
mucosa-to-mucosa approximation is of para- 
mount importance to achieve successful out- 
comes. Such an anastomosis is facilitated using 


Table 1 
Characteristics of vas (testicular end) fluid and management 


Vasal Fluid Quality 


Clear, cloudy, creamy Sperm heads alone 


Microscopic Examination 


the microdot multilayer technique (first described 
in 1998) and the Goldstein microspike approxima- 
tor clamp (ASSI Corp, New York, USA) both pio- 
neered at Weill Cornell Medical College (see 
Fig. 1).2”78 The microdot technique, with marking 
pen delineation of needle exit sites, permits accu- 
rate realignment of the vasal ends, and is particu- 
larly useful when there is a significant difference 
in luminal diameter between the two vasal ends. 
The mucosal layer is completed with interrupted, 
double-armed, 10-0 monofilament sutures. The 
second deep muscularis layer is reapproximated 
using interrupted 9-0 monofilament sutures. The 
third adventitial layer is completed with interrupted 
9-0 monofilament sutures. Reapproximation of the 
vasal sheath with 8-0 monofilament sutures mini- 
mizes tension on the anastomosis. The technique 
has been described in further detail previously.7° 
Anastomoses in the convoluted vas can be 
completed with similar outcomes.”° Large vasal 
gaps may be dealt with using crossed VV or testic- 
ular transposition.*°° After vasectomy (with liga- 
tion of vasal vessels), the testicular end of the vas 
receives all the blood supply from the testicular 
artery/epididymal arteries, whereas the abdominal 


Procedure Recommended 
Vasovasostomy 


Sperm heads with whole nonmotile sperm 


Whole nonmotile sperm 


Whole motile sperm 
Clear copious 
Toothpastelike, creamy 
No fluid 


Sperm (whole, parts) absent 
Sperm (whole, parts) absent 
Sperm (whole, parts) absent 


Vasovasostomy 
Vasoepididymostomy 
Vasoepididymostomy 


end of the vas receives blood supply from the 
deferential artery. Two simultaneous VVs cannot 
be performed in the same vas if the vasal vessels 
have been disrupted at both locations. 

VE is the indicated for OA secondary to 
epididymal obstruction. After preliminary reports 
of VE in the early 1900s with low success rates, 
the introduction of the microsurgical approach 
in the late 1970s resulted in patency rates 
ranging from 50% with end-to-end single tubule 
anastomoses to 70% with end-to-side an- 
astomoses.°*' °° Introduction of intussusception 
end-to-side VE techniques, initially described 
by Berger using a 3-suture triangulation method, 
were subsequently modified to include longitudi- 
nal placement of sutures in the epididymal tubule 
known as longitudinal intussusception VE (LIVE), 
which has resulted in patency rates of 80% or 
greater in animal models and humans.°**~°’ The 
LIVE technique, our preferred approach, permits 
a larger diameter for flow from the epididymal 
tubule to the vas, with improved outcomes 
compared with perpendicular placement of 2 
sutures in the epididymal tubule or the 3-suture 
triangulation technique.°° The LIVE technique 
permits accurate approximation of the 300- to 
400-mm vasal lumen to the 150- to 250-nm 
epididymal tubule lumen with 90% patency and 
40% pregnancy rates. 

After appropriate mobilization of the abdominal 
vas to permit tension-free anastomosis to the 
epididymis, the tunica vaginalis is incised longitu- 
dinally, and the epididymis is examined at up 
25[imagnification to identify the eventual anasto- 
motic site proximal (toward the caput) to the site of 
obstruction. Classically, a sperm granuloma is 
noted with dilated tubules proximally, whereas 
collapsed nondilated tubules are found distally. A 
straight tubule with larger diameter is selected 
and a 3- to 4-mm buttonhole opening is made 
into the epididymal tunic to match the outer diam- 
eter of the vas.°° If the level of obstruction is not 
readily apparent, then a 10-0 needle (70 mm 
tapered) is used to puncture an epididymal tubule 
starting distally and progressing proximally (to- 
ward the caput), checking for sperm presence in 
the fluid under the microscope after each punc- 
ture. The puncture hole from which sperm are 
identified is sealed with bipolar microforceps. A 
virgin tubule proximal to the punctured site is 
selected for anastomosis. VE anastomosis is 
completed using an epididymal tubule with abun- 
dant sperm regardless of motility. The quality of 
the epididymal fluid from the selected tubule is 
not known until after the sutures are placed using 
the LIVE technique. If sperm or abundant sperm 
parts are absent after incision of the epididymal 
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tubule, then epididymal obstruction is located 
more proximally (closer to testicle) and the 
sutures must be removed and the anastomosis 
restarted using a more proximal tubule.*° 
Although successful VE may be performed using 
epididymal tubules or even efferent ductules, 
obstruction of the intratesticular rete testis is not 
amenable to microsurgical reconstruction. 

With the VE anastomotic site selected, the vas 
is pulled through an opening made in the tunica 
vaginalis and is secured to the tunica vaginalis us- 
ing polypropylene sutures (through the vasal 
adventitia and tunica vaginalis) so that the vasal 
lumen reaches the desired epididymal tubule 
without tension. The posterior edge of the vas 
(adventitia and muscularis) is secured to the pos- 
terior edge of the epididymal tunic with two 9-0 
monofilament nylon sutures. With the LIVE tech- 
nique, 4 microdots are placed on the vasal end 
(indicating the exit points of the 4 needles), and 
two 10-0 monofilament nylon double-armed 
sutures with 70-nmm taper-point needles are 
placed longitudinally into the epididymal tubule 
under 25Lilto 40[imagnification (see Fig. 2). An 
ophthalmic microknife (155Jis used to incise be- 
tween the needles, which are not pulled through 
until after incision (because leakage occurs given 
the larger diameter of the needle than the suture). 
Epididymal tubule fluid is aspirated with 5-nL 
pipettes by capillary action. The fluid is examined 
under a light microscope for the presence of 
sperm. If abundant sperm with motility are identi- 
fied, the fluid is aspirated into multiple micro- 
pipettes and flushed into human tubal fluid 
medium for cryopreservation. The anastomosis 
is then completed by placing the 4 needles from 
the 2 double-armed sutures inside-to-out through 
the vasal mucosa, exiting through each microdot 
on the vas. Double-armed sutures, as with VV, 
obviate the need to place outside-to-inside 
stitches (which can lead to back walling of the 
vasal lumen mucosa and obstruction). Before 
tying the two 10-0 sutures, a stay suture of 9-0 
nylon is placed from the anterior vasal adventitia 
to the edge of the epididymal tunic and partially 
tied, bringing the vasal mucosa directly into the 
opening in the epididymal tubule. After tying the 
10-0 sutures, the outer layer of the anastomosis 
is completed by using 8 to 12 interrupted 9-0 nylon 
sutures from the vasal sheath to the epididymal 
tunic taking care not to injure the nearby epidid- 
ymal tubules. After meticulous hemostasis, the 
testis and epididymis are returned to the tunica 
vaginalis, which is closed using absorbable 
suture, the testis is replaced into the scrotum in 
anatomic position, and incisions are closed in 
the same manner as for VV. 
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Postoperatively, patients are advised to use an 
ice pack intermittently for 48 hours on the 
operative site, avoid ejaculating, strenuous activ- 
ity, or heavy lifting for 3 weeks, and wear scrotal 
support for 6 weeks. Although complications 
are infrequent, the most common postoperative 
complication is scrotal hematoma (which may be 
obviated if scrotal drains are placed intraopera- 
tively when extensive dissection is required). 
Additional possible complications include wound 
infection, scrotal edema, orchalgia, and, rarely, 
ischemic epididymal fibrosis or testicular atro- 
phy.*' Secondary azoospermia or recurrent 
stricture is another possibility postoperatively, 
although this occurs rarely after VV in 0.5% to 
6% of cases.?®4? After VE, the failure rate has 
been reduced to as low as 4% using the LIVE 
technique, whereas failure can occur in up to 
37% using nonintussusception techniques.*° The 
increased failure rate of VE is related to the 
delicate anastomosis between the vas and 
epididymis compared with VV. Semen analyses 
are performed at 4 to 6 weeks postoperatively 
and subsequently every 2 to 3 months. Patients 
with motile sperm in the ejaculate postoperatively 
are encouraged to cryopreserve especially after 
VE or redo surgery. 

Recent analyses indicate that microsurgical 
reconstruction in appropriately selected patients 
is the safest and most cost-effective method to 
manage men with vasal or epididymal obstruc- 
tion.4*~“° IVF/ICSI carries increased costs associ- 
ated with multiple births.4+4° A recent large 
study reported in the New England Journal of 
Medicine also showed that IVF/ICSI is associated 
with a doubling in the incidence of birth defects 
in IVF/ICSI babies.” Robotic VE using the LIVE 
technique has been described in animals and 
humans, but outcomes and cost-effectiveness of 
this technique require further study.*®:*° Outcome 
after vasectomy reversal has been well predicted 
by our treatment nomogram based on vasal fluid 
quality from the testicular end of the vas at the 
time of surgery, the presence of sperm granuloma, 
microsurgeon experience, and the vasal obstruc- 
tive interval.°°°°' The need for VE is predicted 
by the time interval since vasectomy and the pres- 
ence of sperm granuloma.®5?-54 The significance 
of increased obstructive interval results from 
time-dependent testicular and epididymal damage 
as well as secondary epididymal obstruction. 
Overall patency rates range from approximately 
70% to 99.5% (VV) and 30% to 90% (VE) in 
the literature with pregnancy rates from 36% to 
92% (after VV) and from 20% to 50% (after 
VE).2°:42:45,55-59 In addition, return of sperm to 
the ejaculate depends on the procedure type, 


with intraoperative motile sperm, VV (rather than 
VE which can take up to 1 year), and obstructive 
interval (<8 years) demonstrating more rapid 
return of sperm to the ejaculate.°°°°°' After 
successful vasectomy reversal, the age of the 
female partner plays a significant role in pregnancy 
and live delivery rates.°? Outcomes after recon- 
struction for iatrogenic vasal injury leading to 
obstruction (longer vasal defects, decreased 
blood supply, and increased obstructive duration) 
are poorer than for patients with OA as a result of 
vasectomy.‘ Intraoperative sperm retrieval should 
be offered to men undergoing VE or redo surgery 
for cryopreservation and future use for IVF/ICSI 
in the event of reconstruction failure.°° If sponta- 
neous pregnancy does not occur after successful 
surgical reconstruction, ejaculated sperm may be 
used for ART. Additional long-term studies of VV 
and VE outcomes are needed in the future. 


EDO 


If EDO is identified, TURED is the treatment of 
choice. Alternatively, sperm retrieval techniques 
(discussed later) can be used. After TURED, a 
significant proportion of patients develop epididy- 
mitis from urine reflux in the efferent ductal sys- 
tem.” If transurethral ultrasonography reveals 
dilated seminal vesicles or a midline cyst, tran- 
surethral ultrasound—guided aspiration of seminal 
vesicles (with examination for sperm) and injection 
of indigo carmine with radiographic contrast may 
be diagnostic.°° Sperm aspirate may be frozen 
for future IVF/ICSI attempts. Once the site of 
obstruction is confirmed, TURED is performed, 
which should result in blue dye effluxing from the 
ejaculatory ducts to confirm sufficient resection. 
If no sperm are identified in seminal vesicle 
aspirate, however, then secondary epididymal 
obstruction is most likely. Initial vasography (after 
sperm extraction at the vasotomy site for 
cryopreservation) may be performed. However, 
simultaneous transurethral resection with VE is 
usually unsuccessful. TURED results in improved 
semen parameters in most patients.°* However, 
if TURED is unsuccessful, then sperm aspiration 
(ie, MESA) is the next step in management. 


Alternatives to Reconstruction, MESA 


If patency is not desired or men are not candi- 
dates for reconstruction (ie, surgically unrecon- 
structable OA including CBAVD), men with OA of 
all causes may select sperm retrieval techniques 
to be used with IVF/ICSI. Sperm retrieval is 
accomplished via percutaneous or microsurgical 
sperm retrieval from the epididymis (preferable) 
or testis and cryopreserved into multiple vials for 


future use in IVF/ICSI. In men with OA, cryopres- 
ervation is as good as fresh semen, so there is 
no need to synchronize sperm retrieval with egg 
retrieval.°”°° Sperm retrieval rates for men with 
OA using ICSI are excellent (96% —100% ) regard- 
less of the cause of the obstruction.°° Since the 
initial description of successful pairing of aspi- 
rated epididymal sperm with IVF,“° MESA has 
become the reference standard with excellent 
yield and minimal contamination (Fig. 3).68717? 
During MESA, the epididymis is surveyed at 
1012] to 1512] magnification to select dilated 
tubules with semitranslucent fluid for aspiration. 
Tubules are exposed with accurate incision and 
hemostasis of the epididymal tunic. The selected 
tubule is then sharply punctured with an 
ophthalmic microknife (15°) to yield adequate 
fluid. Once adequate fluid is observed using a 
phase contrast microscope, 5-nL standard labo- 
ratory glass pipettes are used to collect fluid via 
capillary action with a total of 10 to 20 mL of 
epididymal fluid collected. If motile sperm are 
not identified, the surgeon moves toward the 
caput of the epididymis and, if needed, the 
efferent ducts with each puncture until sufficient 
sperm are obtained for both fresh and cryopre- 
servation use. Improved motility will be identified 
moving toward the testis within the epididymal 
caput. As a last resort, testicular tissue can be 
retrieved, and in men with OA, this usually con- 
tains motile sperm.° 

MESA is contrasted by PESA, which does not 
require microsurgical training, but typically yields 
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fewer sperm for cryopreservation necessitating 
repeat procedures if multiple IVF cycles are 
needed. PESA has been identified to produce 
minimal trauma; post-PESA VV or VE is possible 
with VV of at least one side in 7 of 8 patients re- 
sulting ina 50% pregnancy rate.” Open testicular 
sperm extraction, percutaneous testicular sperm 
aspiration, or testicular fine-needle aspiration 
yield fewer sperm than epididymal sources, and 
may increase the risk of injury to the testicu- 
lar and epididymal blood supply and scrotal 
hematoma development if performed without the 
microscope.“ 

After sperm retrieval, IVF with ICSI is necessary 
for subsequent oocyte fertilization and preg- 
nancy.’°:’© Intrauterine insemination with sperm 
retrieved from men with OA has never been 
successful. The use of surgically retrieved sperm 
(using the aforementioned techniques) has been 
shown to result in similar outcomes in terms of 
fertilization (34%-80%) and clinical pregnancy 
rates (17%-65% ) when using testicular or epidid- 
ymal sperm.’’~’° Meta-analyses and a Cochrane 
review have identified no difference in fertilization, 
clinical pregnancy, or live birth rates from ICSI 
cycles when using testicular versus epididymal 
sperm from men with OA.’®°° Similarly, fresh 
sperm retrieved from the vas, testis, or epididymis 
have shown similar viability to frozen-thawed 
sperm from these sites in some studies, whereas 
others show a difference between testicular 
fresh and frozen samples. ’°:°'-®° MESA, however, 
yields far more sperm of better quality than 


Fig. 3. (A, B) MESA: exposed epididymal tubule prepared for aspiration using a standard laboratory 5-nL 


micropipette. 
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percutaneous epididymal or testicular sources, 
obviating the need for repeat procedures. 


PERSPECTIVE OF THE FUTURE: OBSTRUCTIVE 
AZOOSPERMIA 


Looking ahead to the future treatment of obstruc- 
tive azoospermia, there are several exciting possi- 
bilities for change in the next twenty years. 
Obstruction of the excurrent ductal system may 
be treated by modified forms of microsurgical 
reconstruction which may be enhanced by 
improved optical and computer systems. Micro- 
scopes may be controlled by eye movement 
(much like some of today’s smartphones) without 
the use of hand or foot pedals. Future robotic sys- 
tems may also integrate the surgical microscope, 
blending optical magnification with robotic control 
for vasovasostomy and vasoepididymostomy. 
While microsurgical reconstruction is typically per- 
formed with nonabsorbable sutures, there may be 
additional use for absorbable sutures,“ mini-stent 
devices,®° biomaterial membranes, synthetic seal- 
ants,°° and lasers?” which have been studied in 
animals with variable effectiveness. In the future, 
sutureless vasovasostomy is possible with 
improved biomaterials, sealants, and devices. 
Multiphoton tomography, with real-time illumina- 
tion of tissue using near infrared laser in vivo,°° 
can identify areas of spermatogenesis, and may 
be useful in rapid confirmation of specific epidid- 
ymal tubules for use in vasoepididymostomy or 
MESA. Epididymal aspiration will continue to be 
a viable alternative to reconstruction in conjunc- 
tion with improving IVF/ICSI techniques. Genetic 
testing will reveal additional cystic fibrosis muta- 
tions, and preimplantation genetic diagnosis will 
be used to prevent CF with associated CBAVD 
and/or epididymal abnormalities in embryos. In 
utero gene therapy may also prove efficacious in 
preventing complications of CF.°° Additional man- 
agement options for genitourinary infection may 
reduce excurrent ductal including ejaculatory 
ductal obstruction. 


SUMMARY 


The diagnosis of OA requires a stepwise approach 
to differentiate it from NOA and to formulate 
management options. Localization of the site of 
obstruction relies on the history, physical exami- 
nation, and possibly laboratory, genetic, imaging 
tests, and intraoperative findings. The prospects 
for patients with OA are excellent given recent 
advances in microsurgical approaches and IVF/ 
ICSI. Successful outcomes are increasingly likely 
after microsurgical reconstruction techniques, 


permitting non-IVF pregnancies for many couples. 
When reconstruction is not an option, microsur- 
gical sperm retrieval provides excellent outcomes 
for patients in conjunction with IVF and ICSI. 


SUPPLEM ENTARY DATA 


Supplementary data related to this article can 
be found online at http://dx.doi.org/10.1016/j.ucl. 
2013.08.013. 
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KEY POINTS 


[=Wzoospermia due to spermatogenic failure can be caused by several conditions, including cryptor- 
chidism, endocrine abnormalities, and a variety of acquired causes. 

[Whe genetic basis of spermatogenic failure is being progressively understood, with clear definition 
among patients with Klinefelter syndrome, Y chromosomal microdeletions, and patients with struc- 
tural chromosomal abnormalities. 

[Benefit is seen in targeted medical therapy for hypogonadotrophic hypogonadism, with noncon- 
trolled, retrospective trials suggesting improvement in spermatogenesis with other endocrine 
therapy. 

[the optimal method of surgical sperm retrieval cannot be definitively concluded given the current 
literature, although there is a suggestion of superiority of microdissection testicular sperm extrac- 
tion given its retrieval rates and success in salvage cases. 

[Btem cell and gene therapy provide promising avenues of future research for the treatment of sper- 


matogenic failure. 


INTRODUCTION 


Azoospermia is defined as the absence of sperma- 
tozoa in the ejaculate, after analysis of a centrifuged 
specimen. Such evaluation should be repeated on 
at least 2 occasions. This condition affects approx- 
imately 1% of men in the general population, and 
10% to 15% of men seeking an infertility evalua- 
tion.’ The cause of azoospermia, whether sec- 
ondary to spermatogenic failure or to obstruction 
of the excurrent ducts of the testis, is a key determi- 
nant of the management of these patients. The 
introduction of intracytoplasmic sperm injection 
(ICSI) in 1992 provided the first opportunity for 
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paternity in patients with azoospermia secondary 
to spermatogenic failure and is currently the stan- 
dard of care treatment to achieve pregnancy in 
couples including men with spermatogenic failure. 


Causes of Spermatogenic Failure 


A variety of conditions, classified as either congen- 
ital or acquired causes, are often identified as the 
cause of spermatogenic failure. Among the con- 
genital causes, genetic issues, including Klinefelter 
syndrome, Y chromosomal microdeletions, and 
structural chromosomal defects, are discussed in 
detail below. 
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Cryptorchidism 

Cryptorchidism, one of the most common congen- 
ital abnormalities, is reported in 1% to 4% of full- 
term male neonates and is a commonly described 
risk factor for spermatogenic failure.* Among pa- 
tients with untreated cryptorchidism, azoospermia 
rates vary from 13% in patients with a unilateral 
undescended testis to 89% with bilateral unde- 
scended testes.° Germ cell counts have been 
demonstrated to be associated with the position 
of the testis at treatment, with intra-abdominal 
testes showing a greater loss in the number of 
germ cells compared with inguinal testes, and 
loss of germ cells have been noted at 6 months 
of age.° Additional evidence suggests that the first 
stage of germ cell maturation, the transformation 
of gonocytes to Ad spermatogonia, is defective 
in the cryptorchid testis, potentially serving as an 
etiologic factor for azoospermia in these patients.’ 
Inadvertent damage to the testis during the orchi- 
opexy procedure may further impair testicular 
function and contribute to many of the cases of 
azoospermia in cryptorchid men. 


Endocrinologic abnormalities 

Endocrinologic abnormalities, including hypogo- 
nadotropic hypogonadism (HH), hyperprolactine- 
mia, and endogenous androgen excess, are 
additional causes of spermatogenic failure, but 
are rarely the primary etiologic cause of azoo- 
spermia, with a rate of diagnosis of less than 
1% of men presenting for an infertility evaluation.® 
In addition, exogenous androgen administration is 
a risk factor for azoospermia. The pulsatile secre- 
tion of gonadotropin-releasing hormone (GnRH) 
from the hypothalamus controls the production 
of the reproductive hormones, luteinizing hor- 
mone (LH) and follicle-stimulating hormone 
(FSH), from the anterior pituitary.° Congenital 
causes of HH include (1) Prader-Willi syndrome, 
a deletion or uniparental disomy on chromosome 
15 associated with hypotonia, short stature, 
hyperphagia, mental retardation and hypogonad- 
ism; (2) Laurence-Moon syndrome, a rare 
autosomal-recessive disorder associated with 
retinitis pigmentosa, spastic paraplegia, mental 
retardation, and hypogonadism; (8) idiopathic 
HH; and most commonly, (4) Kallmann syndrome, 
characterized by idiopathic HH and the presence 
of midline defects such as anosmia. HH may also 
be acquired following pituitary surgery or radia- 
tion, and head trauma. Hyperprolactinemia, 
when pathologic, may be caused by prolactin- 
secreting pituitary tumors, medications including 
some psychotropics, antihypertensives, and opi- 
ates, hypothyroidism, and chronic renal insuf- 
ficiency. This condition usually results in 


oligospermia rather than azoospermia and can 
usually be treated with medications. Exogenous 
androgen use, as noted in patients on testos- 
terone replacement therapy or athletes abusing 
anabolic steroids, induces HH from the negative 
feedback of androgens on the hypothalamic- 
pituitary axis, leading to decreased LH and FSH 
concentrations and ultimately lowering the intra- 
testicular testosterone concentrations required 
for the maintenance of normal spermatogen- 
esis.'° Endogenous androgen excess, as seen in 
congenital adrenal hyperplasia, may similarly 
lead to suppression of gonadotropin stimulation, 
given excess adrenal androgen production. This 
condition can be managed with glucocorticoid 
support, but pseudotumors may develop in the 
testes, adversely affecting testicular function. 


Varicocele 

Varicoceles have a known, but variable, effect on 
testicular function and are identified in 35% of 
men presenting with primary infertility and 81% of 
secondary infertility patients.'' Among men pre- 
senting with azoospermia or severe oligospermia, 
varicocele is noted in 4.3% to 13.3%.'* The detri- 
mental effect of varicocele on sperm function is 
thought to be the result of increased scrotal temper- 
atures secondary to impaired drainage or pooling of 
blood around the testis, although the true cause is 
not understood at this time. Other proposed causes 
include reflux of renal and adrenal metabolites from 
the renal vein, decreased blood flow, and hypoxia. 
An in-depth discussion of varicocele can be found 
elsewhere in this issue. 


Other acquired causes of spermatogenic failure 
Acquired causes of spermatogenic failure include 
iatrogenic causes, such as systemic chemo- 
therapy or radiotherapy to the testis, neoplasia of 
the testis, infection or inflammation of the testis 
as seen in postpubertal mumps orchitis, damage 
to the blood supply of the testis, use of drugs/ 
gonadotoxins, as well as exposure to environ- 
mental or occupational toxins. 


Histologic Diagnoses in Spermatogenic Failure 


Histologic findings on testis biopsy use classifica- 
tion patterns of spermatogenesis based on its 
appearance, with pathologic findings varying from 
hypospermatogenesis, to maturation arrest (MA), 
to Sertoli cell-only patterns.'* Although published 
evidence is conflicting, experienced centers report 
varying success rates for testicular sperm retrieval 
based on the spermatogenic defect defined on 
testis biopsy.'*'° Conflict in the literature, how- 
ever, may be a result of divergent histologic report- 
ing systems as well as varying results with different 


surgical techniques. In addition, some studies 
report sperm retrieval based on the most advanced 
spermatogenic pattern on biopsy, whereas others 
report results based on the predominant pattern 
on diagnostic biopsy. Because an individual diag- 
nostic biopsy samples very little of the testis, it is 
not surprising that variable results could be 
reported from histology-based evaluation of the 
testes of men with spermatogenic failure. In addi- 
tion, there is variation in interpretation of histologic 
patterns, with one study reporting inconsistencies 
in 27% of testis biopsy results as reviewed by inde- 
pendent pathologists. '° 

Hypospermatogenesis is defined by the pres- 
ence of a mature spermatid in any tubule, and 
therefore, all stages of spermatogenesis are pre- 
sent to a varying degree. MA is used to describe 
patterns whereby there is complete interruption of 
spermatogenesis across all seminiferous tubules, 
with uniform MA characterizing spermatogenic 
arrest at the same stage of spermatogenesis 
throughout all of the tubules.” It is further subcate- 
gorized into early MA, with spermatogenic arrest 
during the spermatogonia or spermatocyte stage, 
and late MA, characterized by the presence of sper- 
matids but no spermatozoa. In contrast, Sertoli 
cell-only patterns are defined by the absence of 
any germ cells within the seminiferous tubules. 


GENETIC BASIS OF SPERMATOGENIC FAILURE 


Spermatogenesis is dependent on the action of 
thousands of testis-specific genes that direct the 
maintenance of spermatogenic cells and satisfac- 
tory completion of meiosis in the adult man. 
Although a complete description of these genes 
and their function remains to be elucidated, it 
widely accepted that several genetic abnormalities 
are responsible for the impaired sperm production 
and have been associated with spermatogenic 
failure. Structural or numerical chromosomal 
abnormalities are 10 times more likely in subfertile 
men compared with the general population and 
are identified in 11% to 14% of men with nonob- 
structive azoospermia (NOA) or severe oligosper- 
mia.'®-2° In addition to karyotype analysis, the 
presence of microdeletions of the long arm of the 
Y chromosome (Yq) can be found in these 
patients. A variety of single gene defects has also 
been identified in patients with globozoospermia, 
asthenospermia, and MA, which are beyond the 
scope of this article.7' 


Chromosomal Abnormalities—Klinefelter 
Syndrome 


Klinefelter syndrome (KS)is the most common chro- 
mosomal abnormality among azoospermic men, 
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with a recent report describing a 15% prevalence 
in this patient group.2* Nonmosaic KS, 47,XXY, is 
found in 80% to 90% of men, with the remainder 
presenting with a mosaic karyotype (46,XY/ 
47,XXY), additional X chromosomes, or structurally 
abnormal X chromosomes.?®?4 Nearly half of KS 
cases are the result of a paternal nondisjunction 
event during meiosis.”° Significant phenotypic vari- 
ability has been noted in KS patients, ranging from 
tall, eunuchoid boys with gynecomastia, delayed 
puberty, learning difficulties, and infertility, to well- 
virilized men with infertility. All patients present 
with very small (6 cc or less) testes and elevated 
gonadotropin levels regardless of testosterone 
output, reflecting primary testicular dysfunction.7° 
In addition, patients are noted to have a higher mor- 
tality from breast cancer, extragonadal germ cell 
tumors, and non-Hodgkin lymphoma, although the 
absolute risk of these conditions is extremely small. 
They are also at higher risk for diseases that have 
been linked to androgen deficiency, including oste- 
oporosis and type 2 diabetes mellitus.2”7° 

Sperm have been noted in the ejaculate of 
approximately 8% of men presenting with nonmo- 
saic KS and are frequently found during testicular 
sperm extraction (TESE), described in detail 
below.** Sex chromosomal aneuploidy rates in 
offspring of Klinefelter men born after TESE-ICSI 
are reported to be less than 1% in one report, 
even though sperm aneuploidy rates in these 
patients are potentially increased in comparison 
to fertile controls.2°°° It has been hypothesized 
that spermatogenesis in Klinefelter men is com- 
pleted according to 2 potential pathways: (1) 
47,XXY spermatogonia have the potential to com- 
plete meiosis, and (2)cryptic 46,XY spermatogonial 
stem cells (SSC) in the testes, representing a low- 
level gonadal mosaicism, with increased sperm 
aneuploidy rates caused by meiotic errors due to 
a compromised testicular environment.*' Evidence 
for both hypotheses is strong but conflicting, and as 
such, definitive conclusions as to the source of 
spermatogenesis in men with KS cannot be made. 


Other Chromosomal Structural Abnormalities 


Cytogenetically apparent structural chromosomal 
abnormalities are also described among severely 
oligospermic or azoospermic men. They are gener- 
ally characterized by the exchange of genetic 
material between 2 or more chromosomes, usually 
after chromosomal breakage. Balanced transloca- 
tions are noted in 5% of severely oligospermic men 
presenting for infertility. 18 

Reciprocal translocations are defined as a break 
or rearrangement between 2 or more chromo- 
somes, not involving the centromere. Although 
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the total chromosome content may remain the 
same, 2 pairs of homologous chromosomes differ 
in composition. Depending on the location of the 
break point, particular gene sequences may be 
disrupted, potentially leading to infertility. They 
are reported to occur in 0.7% of severely oligo- 
spermic or azoospermic men.°* 

Robertsonian translocations, on the other hand, 
occur when acrocentric chromosomes (number 
13, 14, 15, 21, and 22) fuse at their centromere.°° 
Minimal essential genetic material is present on 
the short arm of the acrocentric chromosomes, 
and those heterozygotes generally remain pheno- 
typically normal. However, effects are frequently 
noted during spermatogenesis. Robertsonian 
translocations are noted in 0.8% of severely oligo- 
spermic and azoospermic men requiring ICSI.°° 

Other abnormalities can be found on the Yq, 
including ring Yq, which may lead to deletions in 
the azoospermia factor (AZF) regions of the Yq, 
as discussed further below. 46,XX males will also 
present with spermatogenic failure, as they have 
usually had translocation of the sex-determining 
region of the Yq but do not have any of the AZF 
region required for spermatogenesis. 


Y Chromosomal Microdeletions 


The role of the Yq in spermatogenesis has been 
increasingly elucidated since the mid 1970s, 
when gross deletions of long arm of the Yq 
were identified in a group of men with spermato- 
genic failure, followed by the report of submicro- 
scopic Yq microdeletions in 1992.9435 These 
microdeletions have been spatially and topo- 
graphically classified within the AZF regions and 
are undetectable by karyotyping, requiring poly- 
merase chain reaction testing for their evaluation. 
The presence of Yq microdeletion has been noted 
to have significant geographic variability and is 
seen in approximately 10% of U.S. men with 
severe oligospermia or azoospermia, and 7.4% 
of oligospermic/azoospermic men reported 
throughout the literature in a meta-analysis.2'°° 
Complete deletions of the AZFa, AZFb, or 
AZFb1 c regions are associated with the complete 
absence of spermatozoa at TESE.°”°° Among pa- 
tients with Yq microdeletions, AZFa, AZFb, 
AZFaib, AZFbic, and AZFaibic microdele- 
tions account for approximately 30% of the micro- 
deletions evaluated in a meta-analysis of 13,000 
patients with spermatogenic failure.’ On the other 
hand, microdeletions encompassing the AZFc 
region have been associated with more favorable 
outcomes as these microdeletions quantitatively 
impair spermatogenesis, with isolated reports of 
natural paternity.°°7° A recent population-based 


study reviewed DNA samples from greater than 
20,000 men from 5 population centers throughout 
the world and analyzed for the presence of intersti- 
tial deletions involving AZFc.*' DNA donors 
included healthy controls and patients being 
evaluated for a multitude of diseases, without dis- 
cussion of fertility status. Any deletion in the AZFc 
region was noted in 3.7% of patients. Given the 
rates and the identification of specific AZFc dele- 
tions within this population, the authors reported 
a 0.04% rate of b2/b4 deletions, which they report 
is universally associated with severe spermato- 
genic failure. Of note, they further described 
more favorable regional deletions within AZFc 
and estimated that about 1.4% and 1.8% of men 
with gr/gr and b1/b3 deletions, respectively, pre- 
sent with severe spermatogenic failure. These 
data serve to understand the prevalence of subde- 
letions of the AZFc region better, but deletions of 
these subregions, especially gr/gr, do not seem 
to cause spermatogenic failure.*2 


MEDICAL THERAPY FOR SPERM ATOGENIC 
FAILURE 


Given the obligate role of hormonal stimulation 
for complete spermatogenesis, medical therapy 
has been used in the treatment of spermatogenic 
failure, with a specific target, as in HH, for treat- 
ment of low serum testosterone levels and empir- 
ically (although empiric medical therapy is 
currently largely replaced by assisted reproduc- 
tive techniques). 


Specific Endocrine Therapy 


Men with HH are a subset of patients presenting 
with spermatogenic failure who have specific 
medical therapy available, with little controversy 
about the role of endocrine therapy and the resto- 
ration of spermatogenesis in most men. 


Gonadotropin replacement therapy 

Gonadotropin replacement is usually performed 
with one of a limited number of gonadotropin 
drugs, with no clear advantage of any one formula- 
tion established in the literature. Human chorionic 
gonadotropin (hCG), an LH analog, is typically 
administered intramuscularly or subcutaneously 
at doses from 1000 to 3000 IU 2 to 3 times weekly, 
to first correct the LH deficiency. Dosing is 
adjusted to achieve serum total testosterone levels 
in the mid-normal range. Once testosterone levels 
have normalized or spermatogenesis is initiated, 
FSH is added in the form of (1) human menopausal 
gonadotropin (hMG), containing both LH and FSH 
activity, in doses of 75 IU subcutaneously 2 to 3 
times weekly; or (2) recombinant human FSH 


(rFSH) in doses of 75 to 150 IU subcutaneously 2 
to 5 times weekly. Therapy with both hCG and 
FSH is required for optimal spermatogenesis in 
patients with the onset of HH before puberty, as 
indicated by testis volumes less than 4 mL.**4° 
Alternatively, GnRH-injecting pumps can be used 
to inject 25 ng/kg of GnRH subcutaneously every 
2 hours, although this is used less commonly. 

Combined gonadotropin replacement therapy 
has been demonstrated to induce spermatogen- 
esis in up to 84% of patients in a combined data 
analysis of a total of 81 patients, one of the largest 
available studies.*° Among these patients, 69% 
were noted to have sperm concentrations greater 
than 1.5 million/mL. Predictors of response to 
gonadotropin therapy have been evaluated by a 
few studies. Overall, larger testis volume and the 
spontaneous transit through puberty are generally 
noted to be favorable factors for the success of 
gonadotropin replacement therapy.4°*° One small 
study suggested that prior gonadotropin use was 
also a favorable prognostic factor for sperm pro- 
duction. By way of plausibility, testis volume, 
largely determined by the amount of seminiferous 
tubules within the testis, is influenced by prior 
exposure to gonadotropins and logically can 
be used to predict sperm output. It is possible 
that the presence of gonadotropins at puberty 
“primes” the testis for spermatogenesis with future 
endocrine manipulation, whether endogenously by 
way of the pituitary gland, or with hormone 
replacement therapy. 


Dopamine receptor agonists 

Among patients presenting with hyperprolactine- 
mia, medical therapy should initially be provided 
with dopamine receptor agonists. Hyperprolacti- 
nemia suppresses the release of GnRH from the 
hypothalamus. Cabergoline (0.5-1.0 mg orally 
twice weekly) or bromocriptine (2.5—-10 mg orally 
daily) isused. Cabergoline therapy is generally 
preferred due to increased efficacy and lower 
risk of side effects.*’“® In addition, it has been 
specifically demonstrated to improve fertility 
by normalizing sperm quality in men with 
hyperprolactinemia.*°:49 


Empiric Endocrine Therapy 


No established hormonal therapy has been proven 
to increase spermatogenesis for men with NOA/ 
severe oligospermia. Patients with spermatogenic 
failure usually present with elevated plasma 
gonadotropin levels, and it had been generally 
thought that medical therapy in this setting would 
prove ineffective. However, men with low serum 
testosterone levels may also have low intratesticu- 
lar testosterone levels, providing a rationale for 
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medical therapy for these men to enhance intrates- 
ticular testosterone levels and spermatogenesis. 


Gonadotropin replacement therapy 

Interest in the use of rFSH for patients with sper- 
matogenic failure stems from initial case reports 
describing the recovery of sperm in the ejaculate 
of men with previously diagnosed NOA, although 
it is unclear if extended analysis including 
evaluation of a centrifuged semen analysis was 
performed.°° Foresta and colleagues?! have 
studied the effects of rFSH in a population of 
97 men with severe oligozoospermia. Patients 
were prospectively randomized to receive either 
pretreatment with GnRH agonists followed by 
rFSH versus rFSH alone and were evaluated 
for hormone response, including plasma inhibin 
B levels, used as a surrogate for Sertoli cell func- 
tion. Patients with high pretreatment FSH levels 
and low inhibin B demonstrated significant in- 
creases inhibin B levels over baseline, insinu- 
ating a potential for “gonadotropin reset” in 
these patients. It must be noted, however, that 
semen parameters were not evaluated following 
treatment. 

Various heterogeneous reports exist in the litera- 
ture looking at the use of gonadotropins. A Co- 
chrane meta-analysis was performed in 2007 
looking at 4 randomized controlled trials with a total 
of 278 patients with varying degrees of oligosper- 
mia and reported a significantly higher pregnancy 
rate (13.4% ) for patients on gonadotropins com- 
pared with those on placebo or no treatment 
(4.4%) within 3 months of completing therapy 
(OR 3.03, 95% CI 1.3-7.09).°? Small studies evalu- 
ating the use of gonadotropin therapy as a rescue 
treatment for patients initially failing conventional 
TESE and microdissection TESE (micro-TESE) 
have reported surgical sperm retrieval at a second 
setting in 20% to 25% of patients.°°°* However, 
this retrieval rate is similar to an approximately 
30% to 45% rate of sperm retrieval with repeat 
conventional TESE or micro-TESE after failure of 
initial conventional TESE.°°°° In addition, Aydos 
and colleagues? retrospectively evaluated the 
use of pure FSH before micro-TESE in 63 patients 
with spermatogenic failure and FSH levels less 
than 8 mIU/mL and compared with 45 patients 
who were not treated with pure FSH. Patients opt- 
ing for treatment had higher sperm retrieval rates 
compared with controls (64% vs 33% , P<.01). Ulti- 
mately, the retrospective, selective nature of the 
above-reported trials suggests that further study 
with randomized controlled trials is necessary 
before recommending the use of expensive empiric 
gonadotropin therapy in patients with spermato- 
genic failure. 
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Empiric selective estrogen receptor modulators 
(SERM ) 
Clomiphene citrate and tamoxifen are nonste- 
roidal estrogen receptor modulators that block 
the negative feedback exerted by estrogen at 
the pituitary and hypothalamus and therefore 
increasing GnRH pulses and the magnitude of 
LH/FSH release per GnRH pulse. These agents 
are frequently used in idiopathic infertility, with 
few articles focusing specifically on the use of 
SERMs in NOA patients. Hussein and col- 
leagues°® reviewed the use of clomiphene citrate 
in 42 NOA patients from 3 international centers, 
with the diagnosis of NOA confirmed by initial 
testis biopsy. Patients with Sertoli cell-only pat- 
terns or testicular malignancies were excluded, 
with 43% of treated patients demonstrating MA 
and 57% with hypospermatogenesis on prior 
diagnostic biopsy. After a mean treatment of 
5.2 months, whereby dosages were titrated to 
obtain serum testosterone levels of 600 to 
800 ng/dL, sperm were recovered in the ejaculate 
of 64% of patients, and the remainder demon- 
strated favorable changes in testicular histology 
at TESE. Although promising, this study does 
not have a control group as a comparator, 
making it difficult to evaluate the magnitude of 
benefit, if any, from such treatment. Published 
literature on tamoxifen for men with NOA is 
limited to a single study that provided tamoxifen 
to 32 men with NOA (no control arm) and 
reported a nearly 20% rate of recovery of sperm 
in the ejaculate.°° 

Hussein and colleagues®° also recently pub- 
lished a study evaluating the benefit of clomi- 
phene with or without the addition of hCG and 
hMG on the treatment of 612 NOA patients at a 
single center. These patients had at least 3 
extended semen analyses confirming azoo- 
spermia and remained azoospermic for at least 
12 months without intervention. Patients with 
FSH levels elevated to greater than 1.5 times lab- 
oratory reference levels were excluded. Patients 
either opted for no medical treatment before 
micro-TESE (116 patients) or treatment (496 pa- 
tients) that consisted of varying regimens of com- 
binations of clomiphene, hCG, and hMG based 
on changes in hormone parameters. Sperm 
were noted in the ejaculate of 11% of patients 
following treatment, and retrieval rates at micro- 
TESE in the various treatment groups varied 
from 52% to 58%, compared with 34% in the 
nontreatment group. The nonrandomized nature 
of the study precludes any conclusions regarding 
these treatment regimens. The role of empiric 
SERM therapy among men with spermatogenic 
failure is not well understood at this time. 


Aromatase inhibitor therapy 

Aromatase inhibitors block the conversion of 
testosterone to estradiol and androstenedione to 
estrone, therefore reducing the negative feedback 
of estradiol on the hypothalamus and increasing 
GnRH, LH, and FSH levels. Available formulations 
include testolactone (50-100 mg/day), anastrozole 
(1 mg/day), and letrozole (2.5 mg/day). They have 
been frequently used among patients with defective 
spermatogenesis associated with low serum 
testosterone levels and _ testosterone/estradiol 
(T/E) ratios less than 10, based on research by 
Pavlovich and colleagues.°' Ramasamy and 
colleagues®* have reported an effect of T/E ratio 
on prognosis and likelihood of successful micro- 
TESE in KS among men with low baseline testos- 
terone levels (<300 ng/dL) who were subsequently 
started on aromatase inhibitors. Patients with suc- 
cessful sperm retrieval at micro-TESE had higher 
pretreatment (before aromatase inhibitors) T/E 
ratios compared with those with failed micro- 
TESE (7.1 vs 4.9, P 5 .03). In addition, preoperative 
T/E ratios were significantly higher in those with 
successful micro- TESE (13.6 vs 10.0, P 5 .04). 

A recent study has evaluated the use of empiric 
therapy with letrozole for men with spermatogenic 
failure, following a case report documenting the 
induction of spermatogenesis on TESE after a 
4-month treatment with letrozole in a man with initial 
percutaneous testis biopsy demonstrating hypo- 
spermatogenesis.°° Cavallini and colleagues? 
reported on 4 NOA patients with FSH levels less 
than 10 IU/L empirically treated with letrozole and re- 
ported recovery of sperm in the ejaculate of all 4 
men, with concentrations varying from 40,000 to 
90,000 sperm/mL after 3 months of treatment. 
Significant increases were noted in FSH, LH, and 
testosterone values during treatment. Again, no 
control group was identified. Reifsnyder and 
colleagues® evaluated the role of optimizing testos- 
terone before micro-TESE, using aromatase inhibi- 
tors for men with serum testosterone less than 
300 ng/dL and T/E ratio less than 10, and clomi- 
phene citrate in those with T/E ratios greater than 
10. Comparing those patients opting for any medical 
therapy and versus those who did not, the authors 
found no difference in sperm retrieval rates, preg- 
nancies, and live births following micro-TESE. 
Further research on larger patient populations is 
required before adoption of aromatase inhibitor ther- 
apy as empiric treatment of spermatogenic failure. 


SURGICAL THERAPY FOR SPERM ATOGENIC 
FAILURE 


Since the advent of ICSI in the treatment of men 
presenting with NOA, even the azoospermic men 


once deemed sterile now have the opportunity to 
father biologic children with surgical sperm 
retrieval. Despite the absence of ejaculated sperm, 
the testes of men with spermatogenic failure will 
often demonstrate isolated foci of spermatogen- 
esis.°°.°” In men with spermatogenic failure and a 
Clinical varicocele, the role of varicocelectomy in 
the improvement of sperm production remains 
debatable. The true clinical challenge, however, 
centers around identifying and retrieving the iso- 
lated pockets of spermatogenesis, and as a conse- 
quence, several sperm retrieval techniques have 
been described. 


Varicocelectomy 


With the advent of assisted reproductive tech- 
niques, the role of varicocelectomy in patients 
with spermatogenic failure has changed. For men 
with NOA, it has been presumed by many authors 
that modest improvements in semen quality or 
spermatogenesis can improve surgical sperm 
retrieval rates, lead to the recovery of sperm from 
the ejaculate, or even result in natural conception. 
Success, defined as the presence of sperm in 
the ejaculate, in the treatment of spermatogenic 
failure with varicocelectomy, has been variable 
across studies. Outcomes in the recent literature 
report any sperm in 21% to 56% of postoperative 
semen analyses, with a maximum sperm concen- 
tration of 3.8 million sperm/mL.°°’’ These retro- 
spective reviews evaluated a total of 262 patients 
with fairly limited follow-up and did not include a 
control arm of patients not undergoing varicoce- 
lectomy.’’ It must also be noted that among 
NOA patients with multiple azoospermic semen 
analyses, 5% to 35% of patients will occasionally 
have sperm found in the semen, without any 
further treatment.°*’° Follow-up in these studies 
is generally limited to a maximum of 6 months 
(among those who report follow-up), with relapse 
of azoospermia after apparent induction of sper- 
matogenesis in about 25% of patients.’°71:”° 
Ultimately, although induction of spermatogen- 
esis is an ideal outcome, the success of varicoce- 
lectomy in achieving spontaneous pregnancy, 
avoiding ICSI, and avoiding surgical sperm 
retrieval among patients with spermatogenic fail- 
ure needs to be assessed more rigorously. A 
review from a meta-analysis, including several of 
the articles cited herein, reported a spontaneous 
pregnancy rate of 6% following varicocelectomy 
in NOA patients.’° Instead of merely reporting on 
the presence of any sperm on any semen analysis 
as the outcome measure of varicocele repair for 
NOA, a more clinically relevant outcome is the 
presence of adequate sperm to avoid TESE after 
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varicocele repair. The need for TESE following 
varicocelectomy was evaluated in an article by 
Schlegel and Kaufman,°® who reported on their 
experience on 31 men diagnosed with NOA and 
a Clinical varicocele who subsequently underwent 
varicocele repair. Sperm in the ejaculate were 
noted in 22% of these men postoperatively at a 
mean follow-up of 14.7 months. However, less 
than 10% of the overall population had viable 
sperm in the ejaculate either previously cryopre- 
served or at the time of ICSI and were able to actu- 
ally avoid TESE. In addition, these authors 
reported identical testicular sperm retrieval rates 
of 60% using micro-TESE among men with sper- 
matogenic failure and varicoceles who either 
did or did not undergo varicocele repair. These 
retrieval rates differ from reports by other authors 
of improved retrieval rates of 53% to 61% 
following varicocelectomy, versus 30% to 38% in 
those without varicocelectomy.°°°®' Although 
some benefit occurs for some men with NOA 
who undergo varicocele repair, most men have 
subsequent ICSI treatment delayed for at least 
6 months to realize the potential benefits of varico- 
cele repair and the vast majority continue to 
require TESE. 


Sperm Retrieval Techniques 


The most common methods for sperm retrieval 
include fine-needle aspiration (FNA)/testicular 
sperm aspiration (TESA), conventional (multi- 
biopsy) TESE, and micro-TESE. A_ recent 
Cochrane review of surgical sperm retrieval modal- 
ities reported insufficient data from randomized 
trials for recommendation of any one retrieval 
technique for men with NOA.®2 


FNA/TESA 

Lewin and colleagues®* reported the initial 
description of TESA leading to live delivery 
following ICSI in 1996. TESA is a relatively straight- 
forward technique, whereby an 18- to 21-gauge 
needle connected to steady negative pressure is 
used to perform several testicular punctures to 
retrieve sperm. The procedure can be performed 
under local anesthesia and is reported to have 
less postoperative pain than TESE.®* Varying 
sperm retrieval rates have been reported using 
TESA, from 7% up to 60% in different patient pop- 
ulations, with no studies reporting on more than 87 
patients.°* °° Most studies did not include histo- 
pathological diagnoses in these patients. Khadra 
and colleagues? reported their experience in 84 
men, whereby patients failing TESA had a conven- 
tional TESE, and described a 68% retrieval rate 
with TESA in men with hypospermatogenesis, 
29% in MA and 2% for Sertoli cell-only pathologic 
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abnormality. Unfortunately, TESE retrieval rates 
were not reported for comparison. Several authors 
in prospective controlled and retrospective 
studies have reported significantly lower retrieval 
rates with TESA as compared with TESE,°*®° 
while other descriptive studies report retrieval 
rates using multiple aspirations to perform TESA 
that seem similar to TESE in an NOA population 
(50%-60% ).°*-** Taken together, these data sug- 
gest that TESA/TEFNA (testicular fine needle aspi- 
ration) has sperm retrieval rates that are inferior to 
that obtained with TESE, likely because the aspira- 
tion technique does not reliably sample all areas of 
the testis. 

Given the wide range of results with TESA, 
several investigators have used the concept of 
FNA “mapping” to identify and map sites of 
spermatogenesis, following an initial report by 
Gottschalk-Sabag and colleagues®° in 1993 
demonstrating the correlation between FNA and 
open testis biopsy. Testicular FNA mapping is 
performed under local anesthesia, with multiple 
percutaneous aspiration sites marked on the 
scrotum, followed by FNA with a 23-gauge nee- 
dle to aspirate tissue fragments. Tissue frag- 
ments are expelled and smeared onto a slide 
and assessed for the presence of mature sper- 
matozoa. Results are then used to determine 
where and how sperm retrieval is executed, 
with TESA used in patients with globally distrib- 
uted sperm patterns, conventional TESE directed 
to active sites of spermatogenesis in patients 
with few sites of spermatogenesis, and micro- 
TESE in those with rare foci of spermatogen- 
esis.°° Sperm detection rates vary according 
the number of FNA sites observed. Turek and 
colleagues? have reported an approximately 
50% detection rate in men receiving a mean of 
8 to 14 FNA sites per testis, and a 60% rate using 
18 sites per testis.°°°° Sperm retrieval rates 
following mapping are expected to be good, 
because sperm have already been seen, but 
patients with less than 2 positive sites were 
able to have sperm found only 81% of the time, 
and those with greater than 2 sites had sperm 
found in only 90% of cases.°° 


Testicular sperm extraction 

Conventional TESE, performed with either a single 
open biopsy or multiple biopsies, can be performed 
with local, regional, or general anesthetic. The 
tunica albuginea is incised, with either a single or 
multiple incisions, and a relatively large volume of 
tissue is obtained for retrieval, or through multiple 
smaller incisions in different locations in the tunica 
albuginea, where the testis is gently squeezed 
and the protruding tissues are excised. It was 


initially reported in 1993 in cases of obstructive 
azoospermia and later used for treatment of men 
with spermatogenic failure.°° Donoso and col- 
leagues®° recently performed a systematic review 
of the literature assessing sperm retrieval tech- 
niques among men with NOA and reported a 
mean sperm retrieval rate weighted by sample 
size of 49.5% across several different authors and 
institutions. Many of these studies did not repeat 
semen analysis on the day of planned sperm 
retrieval, whereby many of the men who had sperm 
found with TESE could have had sperm found in the 
ejaculate and perhaps never needed surgery. 

The question of single versus multiple testis 
biopsies has been the subject of one randomized 
trial and several observational studies. Intuitively, 
given the patchy distribution of spermatogenesis 
in men with spermatogenic failure, one would 
assume that taking multiple samples from 
different sites within the testis would improve 
sperm retrieval rates. Fahmy and colleagues'°° 
reported data from a randomized trial, with com- 
parable retrieval rates using a single extended 
incision versus multiple incisions in a group of 
89 men without sperm on the initial incision, 
29.5% versus 26.7%, respectively. It should be 
noted, however, that this retrieval rate (whether 
single or multiple biopsies) is on the lower end of 
published results and may be secondary to popu- 
lation or surgical technique differences. This result 
differs from data noted in observational studies in 
several articles, where multiple biopsies (at least 
3) are associated with progressively increasing 
sperm retrieval rates.'0''°2 Amer and col- 
leagues'°° reported on 316 NOA men, where 
216 underwent single bilateral testicular biopsy 
and 100 underwent multiple biopsies, with similar 
histologic findings in both groups. Patients under- 
going multiple biopsies had significantly higher 
retrieval rates overall (49% vs 38%), as well as 
in MA and mixed pathology patients. Patients 
with unfavorable pathologies, Sertoli cell-only 
and diffuse tubular sclerosis, did not have a differ- 
ence between the 2 techniques. 


Microdissection TESE 

Micro-TESE, initially described by Schlegel in 
1999, '°* applies microsurgical techniques and the 
assistance of the operating microscope to identify 
individual seminiferous tubules most likely to 
contain active spermatogenesis. Following local, 
regional, or general anesthetic, the testis is deliv- 
ered through the scrotum and opened widely in 
an equatorial plane, taking care to avoid testicular 
blood vessels. Using 15o 25L{bptical magnifica- 
tion, seminiferous tubules that are larger and more 
opaque, therefore more likely to contain sperm, are 


identified and removed, thereby improving retrieval 
rates and removing a 70-fold smaller volume of 
testicular tissue as compared with conventional 
TESE.'4 If no spermatozoa are seen, subsequent 
samples are taken until the entire testis has been 
safely surveyed, and if needed, the contralateral 
testis is evaluated as well. In the initial trial, micro- 
TESE had a sperm retrieval rate of 62% versus 
46% using conventional TESE in the contralateral 
testis of the same patient. 

Experience with micro- TESE at Weill Cornell has 
continued to be encouraging, with a 56% overall 
sperm retrieval rate in 1495 micro-TESEs. Patients 
had a mean age of 35.6 years, with a mean FSH 
of 27.7 IU/L. Retrospective comparative studies 
using micro-TESE as described herein suggest a 
possible improved likelihood of retrieval with 
micro- TESE as compared with conventional TESE. 
In a histopathologically unmatched retrospective 
study, Okada and colleagues” compared 24 
patients undergoing conventional TESE to 74 with 
micro-TESE and reported significantly higher 
retrieval rates overall with micro-TESE (45% vs 
17%) as well as among patients with Sertoli cell- 
only syndrome (34% vs 6%), although the improve- 
ment among men with MA did not reach statistical 
significance (75% vs 38%). Tsujimura and col- 
leagues'°° reported retrospective results from 56 
patients with micro-TESE and 37 with multiple 
TESE and found no statistically significant differ- 
ence in sperm retrieval rates between the 2 surgical 
approaches (43% vs 35%, respectively) among 
patients with matched preoperative characteristics. 
Ramasamy and colleagues '°’ compared outcomes 
from 543 TESE attempts, whereby the initial 83 were 
done conventionally and the following 460 done by 
microdissection, and reported a significantly higher 
retrieval rate with micro-TESE (57% vs 32% ). Amer 
and colleagues'°® performed a prospective study 
comparing 100 patients with concordant bilateral 
testicular histopathologies, who underwent micro- 
TESE on one testis and conventional TESE in 
the contralateral testis. They reported significantly 
higher retrieval rates with micro-TESE compared 
with conventional TESE (47% vs 30%). 

Several investigators have additionally evalu- 
ated the role of micro-TESE as a salvage proce- 
dure when conventional TESE has failed, 
whereby TESE was performed at the same institu- 
tion or elsewhere. Retrieval rates for micro-TESE in 
these patients have been reported to be about 
45% to 57%.°°'°2""1 Ramasamy and Schlegel°° 
looked specifically at the effect of prior failed 
testicular biopsies (performed at other institutions) 
and reported that failure to find sperm with 1 to 2 
negative biopsies did not significantly affect suc- 
cess of micro-TESE (51% retrieval rate), and 
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significantly lower but a still considerable retrieval 
rate in men undergoing 3 to 4 negative biopsies 
(23% ). Although these retrospective studies repre- 
sent heterogeneous patient populations with 
possible subtle differences in surgical technique, 
the published data further suggest a superior 
retrieval rate with micro-TESE compared to con- 
ventional TESE. 


Complications 

Complications secondary to surgical sperm 
retrieval include development of hematoma, intra- 
testicular fibrosis, and testicular atrophy/hypogo- 
nadism. As expected, there are no randomized 
controlled studies to compare short-term and 
long-term consequences of the various treatment 
options. A report by Schlegel and Su described 
the presence of ultrasonographic abnormalities in 
the testes in 82% of men at 3 months following 
open testicular biopsy.''* The frequency of devel- 
opment of a hematoma and acute ultrasono- 
graphic testicular changes following micro-TESE 
were lower than that observed with conventional 
TESE in the short-term period in several reports, 
varying from 7% to 44% versus 30% to 
80% .105:197108 This lower complication rate is 
likely secondary to better hemostatic control dur- 
ing microdissection as opposed to open surgical 
extraction, as well as to a decrease in the overall 
amount of tissue being removed with micro- 
TESE. Decreases in serum testosterone levels 
have been noted following both micro-TESE and 
conventional TESE, with returns to pretreatment 
testosterone levels in 85% of men after 
12 months and 95% after 18 months for both ap- 
proaches.'°’''S Decreased testosterone levels 
are of concern because many men who present 
with severe defects in sperm production already 
have defective androgen production, and many 
would be candidates for immediate testosterone 
replacement therapy if they were not interested 
in fertility. After sperm retrieval for NOA, approxi- 
mately 5% of men require testosterone replace- 
ment therapy. 


Fresh Versus Frozen Sperm 


The question of whether to use fresh testicular 
sperm or frozen thawed sperm for ICSI has been 
the object of several studies. Of note, however, 
is that most of these studies include both ob- 
structed (who make up most of the patients) and 
NOA patients lumped together in the analysis, 
making definitive conclusions difficult in the 
management of the man with spermatogenic 
failure. Among NOA patients, several studies 
have reported statistically similar pregnancy and 
live delivery rates between fresh and frozen 
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sperm.''*-''” However, these studies, as with all 
studies looking at men with spermatogenic failure, 
are plagued by small population sizes, making 
definitive conclusions difficult. 

The experience at Weill Cornell shows that 
sperm retrieved from NOA patients are frequently 
limited in number and typically do not survive 
thawing. An abstract presented by Hopps and 
colleagues''® evaluated 95 attempted ICSI cycles 
in men with documented motile sperm before 
cryopreservation, with only 33% presenting with 
viable sperm from the frozen-thawed sample. '*? 
Pregnancy rates among the 830 micro-TESEs re- 
sulting in sperm retrieval at Cornell was 48%, 
compared with a pregnancy rate of 38% at this 
same center, in the 33% of men with clearly viable 
sperm available after thaw. Other centers using 
just frozen-thawed samples in smaller reports 
have shown a pregnancy rate of only 26%, sug- 
gesting better pregnancy outcomes using freshly 
retrieved sperm.''*-''” Because most samples 
with no documented viability were not used, it 
can only be presumed that the pregnancy rate 
after ICSI with these sperm would have only 
been lower. The authors continue to use fresh 
sperm for ICSI, typically retrieved on the day 
before oocyte retrieval for men with NOA, unless 
frozen-thawed sperm have documented viability. 


Surgical Sperm Retrieval Rates According to 
Etiology of Spermatogenic Failure 


Given the success noted with surgical sperm 


retrieval, attention has turned to delineating the 
likelihood of retrieval according to the presumed 
cause of spermatogenic failure. 


KS 

The advent of ICSI and surgical sperm retrieval, 
with successful delivery of healthy children to 
men with nonmosaic KS initially described in 
1996, has significantly changed the prognosis for 
paternity in men with KS and has led the authors 
of recent publications to question whether these 
men should be labeled infertile at all. 1°™1?1 Mosaic 
46,XX/47,XXY KS has been reported in up to 3% 
of men, with reports of the presence of sperm in 
the ejaculate and subsequent paternity in the 
past.'2?''2° A systematic review of articles con- 
taining only patients with nonmosaic KS (338 
patients in all, range 10-74 patients) has reported 
a 44% overall successful retrieval rate in men un- 
dergoing TESE or micro-TESE. '*! Patients under- 
going micro-TESE had significantly higher retrieval 
rates than those undergoing TESE (65% vs 42%). 
It must be noted, however, that these results 
reflect a wide variety of different institutions with 


varying surgical 
experience. 

Recently updated results from Weill Cornell 
represent the largest experience of micro-TESE 
in KS men, looking at 127 men with classic and 
mosaic KS (mosaic patterns do not include 
46,XY) undergoing simultaneous retrieval during 
155 ICSI cycles.'** Overall retrieval rates in the 
155 cycles were 65%, with a 61% retrieval rate 
per patient. The pregnancy rate was 40%, with 
40 children born to date (multiple gestation rate, 
31%), all of whom have been healthy 46,XX girls 
and 46,XY boys. Given these promising results, 
men with KS seeking paternity should be offered 
surgical sperm retrieval to address their fertility 
concerns. 


techniques and laboratory 


Cryptorchidism 

Successful use of surgical sperm retrieval has 
been demonstrated in several studies of azoo- 
spermic men with a history of cryptorchidism. A 
variety of studies (range 15-79 patients/study) 
have reported retrieval rates varying from 52% to 
72% using conventional or micro-TESE. 125-128 
The authors’ experience in men with a history of 
cryptorchidism includes 151 men, in whom 181 
micro-TESE procedures were performed, and 
had a 64% overall retrieval rate, with a 62% 
retrieval rate per patient.'** The retrieval rate in 
men with a history of bilateral cryptorchidism 
was similarly 62%. In analyzing the literature, how- 
ever, one must note that not all “cryptorchid” men 
have the same condition, and that in fact several 
patients throughout these studies may have un- 
dergone orchidopexy for a retractile, but otherwise 
healthy testis. Although a couple of the studies 
looked specifically at men with NOA, 1?4126 men 
undergoing orchiopexy are at risk for obstructive 
azoospermia, which is not clearly controlled for 
in other studies in the literature. 


Postchemotherapy azoospermia 

Studies evaluating sperm retrieval from azoosper- 
mic men following chemotherapy are generally 
limited to case series with small overall patient 
numbers. In addition, given that cancer is less 
frequently seen in younger men more likely to be 
interested in fertility, and the wide variety of under- 
lying cancers as well as a myriad of chemothera- 
peutic treatment options, it has thus far been 
impossible to determine the specific effect of any 
one agent or oncologic diagnosis on the likelihood 
of surgical sperm retrieval in those men rendered 
azoospermic. Results from a study in 2002 
including a total of 23 men from 2 centers, one 
with conventional TESE and another with FNA 
mapping and TESE, reported a 65% retrieval 


rate, although time from chemotherapy to surgical 
retrieval was understandably not controlled. ‘7° In 
the cohort of men at Weill Cornell, the authors 
identified 93 men at least 6 years after chemo- 
therapy who underwent 114 retrieval attempts 
and report a 48% retrieval rate overall, with a 
30% retrieval rate for men treated with chemo- 
therapy including alkylating agents, but a much 
higher retrieval rate for men treated for prior 
germ cell tumors. 14 


Microdeletions in the AZF region of the Yq 

As described above, men with complete dele- 
tions of the AZFa and AZFb regions of the Yq 
are invariably azoospermic with no sperm any- 
where in the testis, and as such, micro-TESE is 
not performed on such patients.°”°° One study 
looking at the use of TESE and micro-TESE in 
42 oligospermic and azoospermic men with 
AZFc deletions reported a 66% retrieval rate 
among the 21 azoospermic men.°*° A report of 
21 patients with AZFc microdeletions from a sin- 
gle Korean center described a 43% retrieval rate 
with TESE.'°° The authors have had successful 
sperm retrieval in 72% of 54 micro-TESE proce- 
dures in men with complete AZFc deletions, 
with a 46% pregnancy rate. 1°4 


Uniform MA 

Men with uniform MA reflect a subset of men with 
spermatogenic failure with a higher likelihood of 
genetic abnormalities, and with generally lower 
sperm retrieval rates than other men presenting 
with NOA.'’:'S:1S2 Retrospective studies varying 
from 15 to 151 patients have reported sperm 
retrieval rates from 23% to 51% with varying surgi- 
cal techniques. 1111317134 In addition, Weedin and 
colleagues'*' have reported decreased retrieval 
rates among men with early MA as compared 
with those with late MA. In the authors’ cohort, 
successful sperm retrieval has been noted in 
50% of 119 micro-TESE procedures in men with 
uniform MA, with a per-patient retrieval rate of 
45% and clinical pregnancy rate of 29% across 
treatment attempts. 


Sertoli cell only 

Patients presenting with Sertoli cell only on testic- 
ular histopathology similarly represent a distinct 
cohort of men, with lower sperm retrieval rates, 
varying from 29% to 43%, noted in the overall liter- 
ature as compared with other men presenting with 
spermatogenic failure.111199-135 In the cohort at 
Weill Cornell 670 micro-TESE procedures in men 
with pure Sertoli cell-only pathologic abnormality 
have been identified and a 44% overall sperm 
retrieval rate has been achieved, with a clinical 
pregnancy rate of 46% among patients with sperm 
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retrieved. Of note, a subset of men within this 
cohort, patients with normal volume testes 
(greater than 15 cc) and FSH levels between 10 
and 15 IU/L, have a much poorer prognosis, with 
a retrieval rate of 5.9%. 


FUTURE DIRECTIONS IN THE TREATMENT OF 
SPERM ATOGENIC FAILURE 


Given the limitations reported above in the current 
medical and surgical treatment of spermatogenic 
failure, there is clearly a need for advances in the 
management of men with azoospermia secondary 
to spermatogenic failure who cannot have sperm 
surgically retrieved. Recent advances in stem 
cell biology and gene therapy seek to address 
this issue. These fields provide for potential 
exciting new treatment methods, but still require 
a good deal of further research before clinical 
applicability. 


Stem Cell Therapy 


The potential for use of stem cell therapy in 


restoring fertility following the use of chemothera- 
peutics and radiation for cancer treatment has 
gained favor, with recent animal studies pointing 
to potential feasibility of this treatment approach. 
In 1994, Brinster and colleagues'*°'°’ reported 
on transplantation of mouse SSCs into the seminif- 
erous tubules of infertile recipient mice, leading to 
donor-derived spermatogenesis and ultimately 
paternity. Since this time, research has focused 
on creating appropriate animal models for azoo- 
spermia, which was initially performed through 
irradiation to destroy spermatogenesis. 199-140 
More recently, large animal models have looked 
at the use of alkylating chemotherapy to induce 
azoospermia. '“':'42 Hermann and colleagues‘? 
have reported on autologous and allogeneic trans- 
plantation of SSCs into adult and prepubertal Rhe- 
sus macaques treated with chemotherapy and 
reported the presence of SSCs in the ejaculated 
sperm of 71% of monkeys with autologous grafts 
and 33% with allogeneic grafts. Unfortunately, 
such treatment of men sterilized by prior chemo- 
therapy or radiation will require that testicular tis- 
sue be cryopreserved before treatment, or stem 
cells subsequently produced from other somatic 
tissues. Testicular tissue must be screened (or pu- 
rified) to avoid transplantation of tumor cells that 
may have been present in the “immune-privileged” 
testicular tissue before chemotherapy. 

At least rare SSCs have been identified in human 
testicular tissue of some men with severely 
impaired sperm production. Although such SSC 
from patients have not been propagated in vitro, 
there are reports of in vitro propagation of human 
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prepubertal SSCs, providing evidence for the 
potential use of this therapeutic modality in 
man. '*°:'44 There seem to be several barriers to 
overcome before application of such SSC devel- 
opment in human patients. Better understanding 
is needed of the factors and signals necessary to 
support self-renewal of SSCs, and methods need 
to be developed to trigger the differentiation of 
SSCs into mature spermatozoa.'*° In addition, 
some men will fail to have demonstrable SSCs 
within the testes. Induced pluripotent stem cells 
may help to address this issue, because somatic 
cells may potentially be induced to form primordial 
germ cells. '“° It is clear, however, that recent tech- 
nological advances have led to an explosion of 
research in this arena, providing the potential for 
exciting breakthroughs in the treatment of induced 
spermatogenic failure. 


Gene Therapy 


Although the advances in stem cell therapy may 
eventually help in the treatment of a small subset 
of men with spermatogenic failure, it must be 
noted that most men seeking treatment have not 
undergone chemotherapy or radiation therapy. 
As reported above, these men frequently have 
yet-to-be-identified or previously identified genetic 
defects. Stem cells derived from these patients will 
have the same genetic defect and are unlikely to 
develop into functional sperm, because the initial 
underlying defect that led to germ cell loss or 
impaired sperm production has not been 
addressed. Gene therapy looks to deliver missing 
genetic factors or to correct factors within the 
testes to aid in sperm production. 

Gene transfer, using viral or nonviral vectors, 
has been developed as a means of generating 
transgenic animals. '*’~'*° Because of appropriate 
biosafety and ethical concerns, germline therapy 
in man is currently not allowed in the United 
States.'°° Gene therapy in the testes and sperm 
of humans could correct the underlying genetic 
defects responsible for impaired spermatogen- 
esis, but may lead to the introduction of trans- 
genes into the germline, as viral vectors integrate 
into the sperm genome and may be transferred 
to future offspring, leading to unintended or cata- 
strophic consequences in resulting offspring. In 
addition, manipulation of the germline raises the 
possibility of genetic enhancement and the 
specter of eugenics. '°° Gene therapy clearly pro- 
vides for future possibilities of treatment of men 
with spermatogenic failure, as well as a myriad of 
other diseases, but needs further refinement and 
better understanding of its outcomes before ther- 
apeutic research in humans. 


An alternative approach to supporting stem cell 
development for patients with germ cell loss or 
severe defects could involve development of 
in vitro or surrogate xenogenic support systems 
for spermatogenesis. Such sites for “artificial 
spermatogenesis” would prevent concerns with 
potential transplantation of tumor cells after 
chemotherapy and could theoretically help rescue 
spermatogenesis for men with a wide variety of 
specific genetic defects that caused impaired 
sperm production. 


SUMMARY 


The cause, and treatment, of men presenting with 
azoospermia due to spermatogenic failure con- 
tinues to evolve as further research has better 
defined this subset of men with infertility. Increased 
understanding of the genetic basis of azoospermia 
in these men may ultimately lead to better tailored 
treatment modalities, with clear ramifications on pa- 
tient counseling regarding the possibility of sperm 
retrieval and ultimately paternity through the use 
of ICSI. Studies looking at treatment, whether med- 
ical or surgical, suffer from small patient numbers 
and absence of randomized controlled trials, mak- 
ing definitive, evidence-based recommendations 
for one treatment modality over another difficult in 
this field. It is clear, however, that the advent of 
ICSI has provided a clear potential for paternity in 
a large proportion of these men, with promising 
sperm retrieval and ultimately live birth rates noted 
with the use of micro-TESE. 
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KEY POINTS 


e The spinal ejaculation generator is located in the lower thoracic/upper lumbar cord and integrates 


the ejaculatory reflex arc. 


e Knowledge of the neuroanatomy and neurophysiology is critical in understanding what therapies 
will and what therapies will not work for men with ejaculatory dysfunction. 
e Penile vibratory stimulation (PVS) is the most appropriate first treatment option for men with a spinal 


cord injury level above the upper lumbar cord. 


e Rectal probe electroejaculation is used for men refractory to or not appropriate for PVS (eg, aneja- 
culation after retroperitoneal lymph node dissection). 
e With a full armamentarium of treatments available, biologic paternity can be achieved in most men 


with ejaculatory dysfunction. 


INTRODUCTION 


Ejaculation is a complex biphasic process 
involving the coordination of an intricate sequence 
of neurophysiological events and the contraction 
of numerous muscle groups eventuating in the 
expulsion of the seminal fluid bolus through the 
urethra in an antegrade direction.' Ejaculation 
involves 2 distinct but interrelated actions: emis- 
sion and ejaculation proper. Emission is the depo- 
sition of the seminal fluid constituents derived from 
the seminal vesicles, the vasa deferentia, and the 
prostate into the posterior urethra as the bladder 
neck and external urethral sphincter simulta- 
neously close. Ejaculation proper then occurs 
with the antegrade rhythmic propulsion of this fluid 
through the urethra and out the penile meatus. 
These integrated and coordinated events have a 
central, single control mechanism. This article re- 
views the ejaculatory apparatus anatomy, the 
neurophysiologic control of ejaculation, and the 


diseases/disorders that may disrupt this most 
natural of functions. Finally, present and future 
treatment options are discussed. 


ANATOMY OF THE EJACULATORY 
APPARATUS 


The anatomic structures involved in ejaculation are 
the paired reproductive ductal structures derived 
from the mesonephric ducts (epididymides, vasa 
deferentia, seminal vesicles, and ejaculatory 
ducts), the bladder neck, the external urethral 
sphincter, the Cowper and Littre glands, the ure- 
thra, and the periurethral musculature. 


Epididymis 


The epididymis is a single, long, convoluted tubule 
that measures 3 to 4 m in total length, beginning as 
the caput (head) and continuing as the corpus 
(body) and tail (cauda).* Histologically, once distal 
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to the caput, the epididymal tubule is lined 
by pseudostratified columnar epithelium of both 
ciliated and nonciliated types (reviewed by Bel- 
leannee and colleagues). A surrounding network 
of myoepithelial cells is external to this basal 
epithelial layer and transitions into smooth muscle 
cells that are continuous with those of the vas 
deferens. Neural fibers reside in the peritubular 
connective tissue and are predominantly sympa- 
thetic in origin, being sparse proximally and denser 
distally. However, estrogen-dependent factors 
are also important in the basal peristaltic activity 
within the epididymis, including oxytocin and en- 
dothelin-1.4 


Vas Deferens 


The vas deferens measures 25 to 45 cm in length 
from its origin (transition from) the cauda epidid- 
ymis to its junction with the seminal vesicle (the 
confluence of the 2 forms the ejaculatory duct 
complex). Emerging from the scrotum, the vas en- 
ters (external ring) transits and exits (internal ring) 
the inguinal canal. As it dives down toward the 
bladder base, heading for its linkage with the ipsi- 
lateral seminal vesicles, it spatially separates from 
the testicular artery and vein.° Most of the sperma- 
tozoa released during emission are stored within 
the ampullary region, approximately the last 
5 cm. The vasal epithelium is lined by pseudos- 
tratified columnar epithelium, which may contain 
nonmotile stereocilia. The vas deferens has an 
outer, innervated layer, which supplies the inner 
trilaminar muscular wall (middle circular sand- 
wiched between outer and inner longitudinal 
bands).° As reviewed by Westfall and Westfall’ 
and Burnstock and Verkhratsky,® both divisions 
of the autonomic nervous system innervate the 
vas deferens; but the sympathetic system has 
the predominant role. Adrenergic nerve fibers 
have been found in all 3 muscle layers. Norepi- 
nephrine is the primary neurotransmitter, but other 
putative cotransmitters have been discovered, 
including vasoactive intestinal polypeptide (VIP), 
somatostatin, and leu-enkephalin.? Nonadrenergic 
noncholinergic purinergic nerve fibers have also 
been described in perivasal ganglionic cells. 


Seminal Vesicles 


The seminal vesicles are lobulated structures that 
are situated lateral to the ampullary portions of 
the vas deferens.* Each seminal vesicle measures 
approximately 2 cm in width, 4 cm in length, and 
1.5 cm in anteroposterior diameter in the nondi- 
lated state.'° The seminal vesicles contribute 
70% of the fluid to each ejaculate (20% from the 
prostate and 10% from the vasa). The normal 


semen volume ranges from 1.5 to 5 mL. The pH 
of the semen is alkaline (range 7.0-8.5). The 
adventitial lining is rich in blood vessels and termi- 
nal neurons. The seminal vesicles contain a very 
thin single muscle layer. The epithelial lining is 
pseudostratified columnar in nature and contains 
a large number of goblet cells. The alveolar 
arrangement within the seminal vesicles is variable 
from a single simple duct to a cluster of side ducts 
and sacs surrounding a short main central duct.” 
Innervation of the seminal vesicles is similar to 
that of the vasa deferentia via both parasympa- 
thetic and sympathetic connections. Recent data 
have also elucidated nitrergic-mediated signal 
transduction. '':'2 


Ejaculatory Ducts 


Each ejaculatory duct originates at the junction of 
the ampullary vas and seminal vesicle and tra- 
verses the prostate in an oblique posteroanterior 
plane to terminate and empty in the prostatic 
urethra on the verumontanum. 1° 


Bladder Neck 


The bladder neck serves as a physiologic 
sphincter during emission and ejaculation. 
Contraction of the bladder neck, especially during 
emission, is under sympathetic neural control 
(alpha-1 adrenergic). 14 


External Urethral Sphincter 


The external sphincter belongs to the transverse 
perineal muscle group and has somatic innerva- 
tion. The external sphincter surrounds the urethra 
just distal to the verumontanum. 


Perineal Periurethral Muscles 


The bulbocavernosus muscle surrounds the 
corpus spongiosum and urethra and has its origin 
on the central perineal tendon. There are 3 distinct 
somatic reflex arcs, from the glans and anterior 
urethra (the bulbocavernosus reflex) and during 
ejaculation, all mediated via a branch of the peri- 
neal nerve (via the pudendal nerve, S2-4).'°'° 
The ischiocavernosus muscle originates from the 
ischial tuberosity and has similar innervation to 
the bulbocavernosus. 


NEUROPHYSIOLOGY OF EJACULATION 


The process of ejaculation requires the coordina- 
tion and integration of neural and muscular events 
in a highly sequenced fashion involving afferent 
and efferent nerve fibers in association with a spi- 
nal cord coordination center (Spinal ejaculation 


generator, vide infra) as well as cortical input.'! 
Fig. 1 displays the reflex arc. 


Spinal Ejaculation Generator 


The ejaculatory reflex center!” is also referred to 
as the spinal ejaculation generator, the spinal 
pacemaker, the central pattern generator, and 
the spinal pattern generator (as reviewed by 
Coolen and colleagues'®). It is thought to exist at 
the lower thoracic/upper lumbar level of the spinal 
cord. It integrates neural input from higher cere- 
bral centers and peripheral sensory afferents 
with efferent outflow via the sympathetics, para- 
sympathetics, and somatics (vide infra) while 
also coordinating the temporal sequence of the 
ejaculatory process.'° The responsible population 
of specialized neural cells composing the spinal 
ejaculation generator has become known as LSt 
cells (lumbar spinothalamic).7° It seems that gluta- 
mate is the main activating neurotransmitter of 
N-methyl-d-aspartic acid (NMDA) receptors on 
LSt cells.2’ Glutamate’s origin may be from the 
terminus of direct nerve inputs (eg, sensory affer- 
ents from the genital skin or from interneurons 
within and around the LSt cells). Certainly, 
other neurotransmitters may also influence the 
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activation of the ejaculatory reflex because a- 
amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid receptors are expressed in the vicinity of LSt 
cells and neurokinin1 receptors for substance P 
are found on LSt cells.27:29 


Cortical Input to the Spinal Ejaculation 
Generator 


The exact locations of the cortical foci that both 
augment and inhibit ejaculation are poorly under- 
stood. In a variety of nonhuman species, it has 
been demonstrated that the spinal ejaculation 
generator is under both inhibitory and augmentory 
influence from higher centers. These centers 
include the medial preoptic area (excitatory, dopa- 
minergic”*), the paraventricular nucleus of the hy- 
pothalamus (excitatory, oxytocinergic®°), and the 
nucleus paragigantocellularis (inhibitory, seroto- 
nergic*°). Other areas are also being investigated; 
but it is known that, absent cortical influence, as 
occurs in certain spinal cord injuries (SCI), the 
complete ejaculatory reflex can still be elicited. 
Input from the cortex arrives to the spinal ejacula- 
tion generator via the anterolateral columns of the 
spinal cord. 


Caer Mreme 


, 
Frenulum 


Fig. 1. The ejaculatory reflex arc. The coordination center (spinal ejaculation generator) is located in the antero- 
lateral gray matter of the spinal cord at the lower thoracic/upper lumbar level. It integrates afferent input from 
multiple sources, most notably cortical and genital sensory (pudendal nerve, $2-4). Efferent output is through the 
thoracolumbar sympathetics (innervation of the vasal ampullae, the seminal vesicles, the prostate, and the bladder 
neck) and the motor division of the pudendal nerve (innervation of the periurethral musculature). BC, bulbospon- 
giosus; IC, ischiocavernosus; N, nerve; SV, seminal vesicle; VA, vasal ampulla. (From Seftel AD, Oates RD. Disturbed 
sexual function in patients with spinal cord disease. Neurol Clin 1991;9(3):770; with permission.) 
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Afferent Sensory Input to the Spinal 
Ejaculation Generator 


Sensory input from the penis passes via the 
afferent nerve fibers of the pudendal nerve to the 
S2-4 region of the spinal cord. They originate in 2 
bundles innervating the penile shaft/glans and 
the anterior urethra, respectively.'° Nerve fibers 
pass from this region of the cord to the spinal ejac- 
ulation generator located in the T12-L2 area of the 
spinal cord. In man, interruption of the afferent 
nerve fibers from the penis will increase latency 
of ejaculation but will not result in a loss of the 
ejaculatory response.*’ These afferent pathways 
are only one means of relaying sensory input to 
the emission/ejaculation coordination center. As 
long as cerebral pathways and sympathetic 
outflow are intact, ejaculation is possible. 


Efferent Sympathetic Output from the Spinal 
Ejaculation Generator 


Sympathetic nerve cell bodies are located in the 
gray matter lateral columns of the lower thoraco- 
lumbar cord, and their axons travel via ventral 
roots to the paravertebral sympathetic ganglia, 
most without synapsing, heading toward the 
superior hypogastric ganglion (also known as the 
presacral nerve). Most axons pass through 
without interruption. The superior hypogastric 
ganglion overlies the area of the aortic bifurcation 
at the level of the L4-5 vertebral bodies. These 
nonsynapsing nerve fibers are components of 
the hypogastric nerves and terminate in ganglia 
within the adventitia of the target organs (bladder 
neck, seminal vesicles, vasa, and prostate).2°°° 
Mauroy and colleagues?! provided an elegant 
description of the exact anatomic course and 
relationships in the pelvis of the inferior hypogas- 
tric plexus (pelvic plexus). The resultant postgan- 
glionic, nonmyelinated neurons, which innervate 
the effector organs, are termed the short adrener- 
gics. The long preganglionic nerve fibers use 
acetylcholine as a neurotransmitter, whereas the 
short adrenergics use norepinephrine. There may 
well be crossover in the pelvic plexuses as sum- 
marized by Kihara and colleagues.°° Stimulation 
via the superior hypogastric ganglion (presacral 
nerve) induces bladder neck closure and contrac- 
tion of the muscular elements of the prostate, 
seminal vesicle, vasa deferentia, and ejaculatory 
ducts, demonstrating that emission is sympathet- 
ically mediated. In terms of the flow of sperm 
through the epididymis and vas deferens during 
emission, Kihara and colleagues?’ summarized it 
as follows: “When the sympathetic signal reaches 
the cauda epididymis/proximal vas, intraluminal 
pressure of the cauda epididymis/proximal vas 


increases and pushes the contents out to the 
vasal ampulla through the straightened vas defer- 
ens, the wall of the ampulla is distended by trans- 
ported seminal fluid, and both distention and 
excitation of the nerve elicit efficient contraction 
to emit the content into the urethra.”°° 


Efferent Somatic Output from the Spinal 
Ejaculation Generator 


Somatic nerve fibers passing from the ventral horn 
of S2-4, originating in the Onuf nucleus, travel via 
the perineal branch of the pudendal nerve to sup- 
ply the bulbocavernosus and ischiocavernosus 
muscles. ‘°°? Stimulation of this nerve results in 
clonic contraction of the periurethral muscles for- 
cibly directing the contents of the prostatic urethra 
in an antegrade direction. The spinal ejaculation 
generator activates the Onuf nucleus during the 
proper time and in the appropriate sequence as 
described later. 


TEMPORAL SEQUENCE OF THE EJACULATORY 
PROCESS 


Johnson”? and Sultan and colleagues** have re- 
viewed the sequence of events in ejaculation. 
The stimulation that induces the commencement 
of the ejaculatory process can be cerebral, genital, 
or a combination thereof.*° Once a threshold of 
activation is reached, the spinal ejaculation gener- 
ator initiates sympathetic discharge to the bladder 
neck, vasal ampullae, seminal vesicles, and pros- 
tate to induce the emission phase. To prevent the 
retrograde flow of seminal fluid into the bladder, 
the bladder neck first closes followed by the 
orderly contraction and discharge of the contents 
of the prostate, vasa, and seminal vesicles. The 
spinal ejaculation generator simultaneously 
prompts occlusive closure of the external 
sphincter mechanism via the stimulation of the 
efferent somatic outflow contained within the mo- 
tor division of the pudendal nerve. Because of the 
combination of bladder neck coaptation and 
compression of the urethra distally by the external 
sphincter, the inflow of seminal fluid is compart- 
mentalized within a high-pressure zone now 
created in the prostatic urethra. During the later 
stages of emission, as fluid continues to enter 
this area, rhythmic contractions of the bulbospon- 
giosus muscle begin to occur, which, when 
coupled with the synchronized opening of the 
external urethral sphincter, propel the seminal fluid 
bolus in an antegrade direction. This process 
is mediated through the activation of the somatic 
efferents supplying the perineal periurethral 
musculature. This event, is once again, temporally 


integrated and coordinated by the spinal ejacula- 
tion generator within the spinal cord. 

Chronologically, prostatic, vasal, and finally 
seminal vesicle contractions occur.” The secre- 
tions of the bulbourethral (Cowper) glands and 
the urethral glands of Littre are discharged in the 
early part of ejaculation along with the prostatic 
secretions. This discharge results in liquefied 
semen that is later coagulated by the secretions 
of the seminal vesicles, in particular, high- 
molecular-weight seminal vesicle protein. Cine- 
matographically, the seminal vesicles and the 
straight portion of the vasa empty relatively ineffi- 
ciently. In contrast, the ampullary portions of the 
vasa are capable of near complete discharge of 
their sperm-rich contents.°° Contraction of the 
bladder neck during the emission phase has been 
shown on electromyography to be rhythmic in na- 
ture and is most pronounced in the ventral fibers.°° 
Simultaneous tracings of the pelvic floor muscula- 
ture have demonstrated similar rhythmic activity, 
particularly in the bulbocavernosus muscle, with 
between 3 and 7 contractions occurring at 0.8-sec- 
ond intervals at the time of orgasm.*° Electromyo- 
graphic assessment of the contributions of the 
bulbocavernosus and ischiocavernosus muscles 
to ejaculation and erection demonstrated that the 
ischiocavernosus muscle played no role in ejacula- 
tion, its main function being elevation of corpus 
cavernosal pressure during erection.°° 

Therefore, the putative spinal ejaculation gener- 
ator temporally controls and sequentially coordi- 
nates the entire ejaculatory process.*' Not only 
does it integrate the overall neuroanatomical 
events of emission and ejaculation so that they 
occur in proper order, it may also control the intri- 
cate relationships involved in the timing of the indi- 
vidual elements that compose the emission and 
antegrade ejaculatory phases. Under normal 
circumstances, men experience a feeling of inevi- 
table ejaculation and are unable to inhibit the 
continuation of the reflex beyond this point. This 
is thought to occur during emission. 

In patients with SCI with injury levels above the 
sympathetic outflow and in whom reflex ejacula- 
tion is possible by penile vibratory stimulation, 
there is an absence of the sensation of ejaculatory 
inevitability. However, in patients, such as those 
following retroperitoneal lymph node dissection 
(RPLND), in whom seminal fluid emission is absent 
because of the interruption of the peripheral sym- 
pathetic outflow, this sensation is retained. The 
implication of this is that the sensation of ejacula- 
tory inevitability is either a direct response from the 
coordination center occurring coincident with 
emission or is a learned pattern governed by 
cortical centers. 
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In summary, cortical control of human ejaculation 
is poorly understood, although the monoaminergic 
neurotransmitter systems in the area of the hypo- 
thalamus, thalamus, and spinothalamic tracts 
have a definite role in its regulation. A putative 
coordination center (the spinal ejaculation gener- 
ator) is thought to exist in the lower thoracolumbar 
spinal cord. Emission is the result of the contraction 
of the prostate, seminal vesicles, and vasa and is 
under sympathetic neural control as well as the 
closure of the bladder neck and external urethral 
sphincter. Antegrade seminal fluid flow results 
from the opening of the external urethral sphincter 
coordinated with rhythmic clonic contractions of 
the periurethral musculature. Bladder neck closure 
is a sympathetically mediated event, whereas 
external urethral sphincter and periurethral muscle 
contraction is somatically driven. Besides SCI, 
other acquired abnormalities in the neurologic and 
anatomic pathways can lead to anejaculation or 
failure of emission. These causes include RPLND, 
multiple sclerosis (MS), diabetes mellitus, other 
pelvic surgeries, and rarely transverse myelitis. 


DISORDERS RESULTING IN EJACULATORY 
FAILURE 
RPLND 


Surgical removal of the RPLND is an integral part of 
the overall treatment strategy for testis cancer. It 
may be used not only for clinical stage 1 and 2 
but also when residual masses remain after 
chemotherapy.***° The lymph node drainage of 
the testes is anatomically near and admixed with 
the tissues containing the thoracolumbar sympa- 
thetic outflow as detailed earlier. According to 
Beck and colleagues,“ RPLND performed for cli- 
nical stage 1, using the present operative strategy, 
results in postoperative antegrade emission in 97% 
of patients (99% of those who underwent a nerve- 
sparing approach and 89% of those who did not). 
However, Basiri and colleagues** reported that of 
their patients (a similar stage 1 cohort and using 
the Sloan-Kettering modified template), only 61% 
had post-RPLND antegrade ejaculation. So, 
although a great deal of attention is paid to pre- 
serve the sympathetics in and around the aorta 
and its bifurcation, perfect results are not always 
attainable. Disruption in the neuroanatomy of the 
ejaculatory response is not secondary to interrup- 
tion of sacral afferent inflow (sensation from the 
penis/genitals), to disruption of sacral efferent 
outflow (motor to the periurethral musculature), or 
to damage to the spinal ejaculation generator but 
instead only to the peripheral sympathetic innerva- 
tion of the vasa, seminal vesicles, prostate, and 
bladder neck. These men have an orgasmic 
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sensation with sexual stimulation because the 
cognitive signals from above, the sensory input 
from below, the spinal ejaculation generator, and 
the motor outflow are all intact; there is simply no 
contraction of the vasa, seminal vesicles, and pros- 
tate to deliver their contained fluids into the urethra 
(no emission). Obviously, sympathetic damage 
may only be partial. Treatment of men with ejacula- 
tory failure after RPLND is described later but, as 
with all of the conditions described, is easily under- 
stood based on knowledge of the normal neuroan- 
atomical and physiologic pathways. 


Various Types of Pelvic Surgery 


In addition to RPLND, pelvic surgery, such as aor- 
toiliac reconstruction, colorectal excision, and 
lumbar spine investigation, may also result in ejac- 
ulatory dysfunction/failure. For example, up to 
63% of male patients undergoing open aortoiliac 
reconstruction in the past experienced conse- 
quent postoperative ejaculatory dysfunction.*° 
It is also thought that this is caused by surgical 
disruption of the many plexuses and nerves imme- 
diately in front of the aorta and its bifurcation as 
well as more inferiorly at the level of the sacral 
promontory. Using the fact that the superior hypo- 
gastric plexus (SHP) is most often slightly left of 
center, the enveloping tissue, located in the plane 
anterior to the target vessels, can be incised on 
the right and then lifted leftward to preserve the 
delicate neural entanglements as described by 
van Schaik and colleagues.*° Likewise, there is a 
high incidence of ejaculatory dysfunction after 
low rectal surgery. In a prospective study by Nish- 
izawa and colleagues*’ of 207 men having total 
mesorectal incision for low rectal cancer, 47% 
were unable to ejaculate. Lateral lymph node 
dissection was the strongest risk factor identified. 
Studies to determine if a laparoscopic approach 
will be better or worse in preserving both erectile 
and ejaculatory function postoperatively are un- 
derway.*® An open anterior approach to lumbar 
spinal surgery is still occasionally used; ejaculatory 
dysfunction, most often failure of emission, 
occurred in up to 20% of patients. Lu and col- 
leagues? performed an elegant study of the 
anatomic location of the sympathetic plexuses 
vis-a-vis where they might be encountered and 
suggested how to intentionally preserve them dur- 
ing lumbar spinal surgery. It is hoped that this 
complication will become less common but should 
not be unanticipated if surgery occurs in this area. 


Inguinal Herniorrhaphy 


Ejaculatory dysfunction after inguinal herniorrha- 
phy is unusual, only affecting about 3% to 4% of 


patients undergoing this procedure, important for 
fertility in reproductive-aged men.°° Although the 
cause is unknown, it is not a direct result of an 
interruption in the anatomy or neurophysiology of 
ejaculation. Studies suggest that this may be 
caused by pain during the sexual act and ejacula- 
tion, specifically, secondary to entrapment or 
inflammation of the vas deferens and inguinal 
nerves as a response to the mesh used for 
repairs.°' Case reports document improvement 
of dysejaculation following excision of the mesh 
and transection of the ilioinguinal and iliohypogas- 
tric nerves.°' 


Neurologic Illnesses 


MS is a demyelinating, T-cell-mediated autoim- 
mune disease that affects the central nervous sys- 
tem at varying levels. Sexual dysfunction may 
occur in both men and women. Orasanu and col- 
leagues°* reported an ancillary data analysis of 
the 2006 North American Research Committee 
on Multiple Sclerosis (NARCOMS) and determined 
that 39% of men experienced at least 5 different 
types of severe symptoms, including too long to 
achieve orgasm/climax, difficult erection, less 
intense pleasure with orgasm/climax, lack of inter- 
est or desire, and less feeling or numbness in the 
genitals. Few patients actively sought treatment, 
and the length of illness was a predictive factor. 
Similarly, Celik and colleagues? had 45 men 
with MS complete the Multiple Sclerosis Intimacy 
and Sexuality Questionnaire-19 and the Arizona 
Sexual Experiences Scale and reported that 37% 
described some level of sexual dysfunction. Guo 
and colleagues’ provide a comprehensive review 
of the multiple and varied reasons for sexual 
dysfunction in MS, which may be associated with 
“anatomic, physiologic, biologic, medical, and 
psychological factors.” Ejaculatory dysfunction 
and anorgasmia occur in approximately 50% 
and 37% of men, respectively. McDougall and 
McLeod®® succinctly describe the varied auto- 
nomic nervous system abnormalities that may be 
present. Although not specifically addressing ejac- 
ulation, they did find that 50% of men reported 
erectile difficulties that may impair the ability to 
ejaculate as a consequence. 

Transverse myelitis is a rare disorder involving 
inflammation of the spinal cord that may span 
several segments anywhere along its length.°° 
Sexual and ejaculatory dysfunction depends on 
which levels are affected and the residual deficit 
in function that remained after the resolution. 

Neural tube defects may occur at any point 
along the vertebral column and, even if at the 
sacral level, will interfere with the neurophysiology 


of ejaculation. Natural fertility can be seen in those 
with low cord anomalies, as shown by Laurence 
and Beresford?” in 1975, which implies that at 
least emission was intact and that spermatogen- 
esis was adequate enough to initiate pregnancy. 
However, Reilly and Oates°® detailed 10 lumbar 
level young men, all of whom required electroeja- 
culation (vide infra) and all of whom demonstrated 
azoospermia in the retrieved semen specimens. 
On testis biopsy, all had absent spermatogenesis, 
a completely unexpected finding. So, even though 
the obvious impediment to their future fertility was 
the inability to ejaculate that can be overcome with 
electroejaculation, there also seems to be severe 
spermatogenic compromise. Hultling and col- 
leagues”? confirmed poor sperm production capa- 
bility in men with T12-L4 lesions; the results of 
Patel and colleagues®° suggest that this is a prob- 
lem that begins in infancy, if not before. 


Diabetes Mellitus 


Autonomic neuropathy (both sympathetics and 
parasympathetics) and microvascular disease of 
the reproductive ductal structures are common 
sequela in longstanding diabetes mellitus and 
may eventuate in poor or absent emission.°' ©? Up 
to 40% of men with diabetes will complain 
of ejaculatory dysfunction. The vasa deferentia 
and seminal vesicles may lose their ability to con- 
tract as the smooth muscle is replaced by fibrotic, 
calcified tissue. The spectrum of dysfunction 
progresses from retrograde ejaculation (intact vasal 
and seminal vesicle contraction but incomplete, 
simultaneous bladder neck coaptation) to varying 
degrees of vasal and seminal vesicle peristaltic fail- 
ure with reduced/absent sperm quantity and quality 
in the antegrade or retrograde ejaculate.°*°° 


Traumatic SCI 


Ejaculatory failure is a common consequence 
of SCI. According to the National Spinal Cord 
Injury Statistical Center, there are approximately 
12,000 new cases of SCI per year and 270,000 
people alive with spinal injuries in the United 
States in 2012 (www.nscisc.uab.edu).°° The 
average age of injury is 41 years; 80.6% occur in 
males, and 39% are the result of motor vehicle 
accidents. These figures may change, however; 
Schoenfeld and colleagues®’ have reported that 
“American and coalition forces are sustaining the 
highest spine combat casualty rates in recorded 
history and previously unseen injuries are being 
encountered with increased frequency.” SCI sec- 
ondary to civilian gunshot wounds makes up 
approximately 13% to 17% of the total pool of 
cases of spinal trauma, certainly as important a 
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reason as any and often associated with other 
comorbid injuries.°® As reviewed by Brown and 
colleagues,°° sexuality and fertility are appropri- 
ately major concerns for men after SCI; a team 
approach, especially regarding the achievement 
of biologic fatherhood, cannot be overempha- 
sized. Many methods exist to adequately address 
the issue of erectile dysfunction, which is impor- 
tant to both patients and their partners.’°’”' The 
exact nature of the ejaculatory and erectile 
dysfunction in patients with SCI depends on the 
level and completeness of the lesion. Considering 
the level of lesion vis-a-vis the neuroanatomy 
involved in the human ejaculatory response can 
generate expectations for residual ability. For 
example, a complete cervical or high thoracic 
injury will severe the communication of, and pre- 
vent augmentation by, the cortical/cerebral areas 
above with the spinal ejaculation generator below, 
even while the remainder of the reflex arc con- 
tinues on intact. On the opposite end of the spec- 
trum might be an incomplete injury at the sacral 
level, affecting sensory but not motor. Here, the 
incoming neural signals from the penile and genital 
skin may be weaker and less intense than usual 
on their way into and then up the cord to their 
destination at the spinal ejaculation generator. If 
cognitive augmentation is enough of a supple- 
ment, the spinal ejaculation generator may reach 
its critical trigger threshold and initiate the ejacula- 
tory sequence. Forceful expulsion of the seminal 
fluid bolus may be normal or reduced, depending 
on the extent of sacral cord motor output distur- 
bance to the periurethral musculature. 


TREATMENT STRATEGIES FOR EJACULATORY 
FAILURE 


By considering what anatomic structures of the 
ejaculatory apparatus have been injured or what 
neurologic arm of the ejaculatory reflex has been 
interrupted, potential treatment options become 
obvious. One does not need to remember as a 
fact that penile vibratory stimulation (PVS) is not 
a treatment of post-RPLND ejaculatory failure as 
long as one visually conceptualizes the specific 
place or location of the injury and understands 
the ramifications of such. For each therapeutic op- 
tion that might be entertained, in what situations 
might it work and in what situations would it be un- 
helpful and inappropriate? 


Oral Sympathomimetic Medications 


Contraction of the vasal ampullae, seminal vesi- 
cles, bladder neck, and prostate (emission) is 
mediated by the sympathetic outflow from the 
lower thoracic and upper lumbar cord as detailed 
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earlier. Partial or complete surgical disruption of the 
sympathetic plexus, as may occur during retroper- 
itoneal lymph node, aortic, rectal, or lumbar verte- 
bral surgery, may/will compromise emission. Men 
may describe a sense of orgasm with rhythmic 
contraction of the periurethral musculature but little 
or no antegrade seminal fluid flow. If partial in 
nature with the bladder neck not coapting fully, 
the seminal fluid may be propelled retrograde into 
the bladder during emission/bulbospongiosus 
contraction. Many of these men will notice and 
report semen in the urine when voiding after coitus. 
By augmenting any remaining sympathetic tone 
to the vasa, seminal vesicles, and bladder neck 
with alpha-agonist therapy (eg, pseudoephedrine 
60 mg 1 hour before ejaculation) in men whose sur- 
gical injury was partial, retrograde ejaculation may 
be converted to antegrade (increased bladder neck 
closure) or emission is improved enough that sem- 
inal fluid is now being deposited into the prostatic 
urethra and either flowing in an antegrade or retro- 
grade direction during periurethral muscle activa- 
tion. In patients with this type of history, alpha 
agonist therapy is always tried initially.’*”° The 
same holds true for men with emission failure sec- 
ondary to diabetes because their autonomic dys- 
trophy, at least the sympathetic outflow, may be 
helped enough to restore or improve the events of 
emission. By visualizing the site and nature of the 
defect in cases of ejaculatory dysfunction second- 
ary to surgery or diabetes, it is easily realized that 
this is entirely an issue with the sympathetic 
outflow/effect on the vas, seminal vesicles, and 
bladder neck. It is not a problem with cerebral gen- 
ital sensory input, in initiating the ejaculatory reflex, 
or with somatic outflow to the periurethral muscula- 
ture; so maneuvers directed at overcoming issues 
in these realms (vide infra) are not useful. 


PVS 


Genital afferent sensory inflow travels to the sacral 
cord via the sensory division of the pudendal 
nerve, ultimately synapsing directly or indirectly 
on the spinal ejaculation generator. In the normal 
circumstance, both cerebral and genital sensory 
input must be present to trigger the ejaculatory re- 
flex. However, in patients with SCI, connection 
with the higher centers is absent. By providing 
overwhelming supraphysiologic sensory stimula- 
tion to the spinal ejaculation generator through 
application of a vibrator to the penile frenulum, 
activation of the ejaculatory reflex can be initiated 
in the absence of cortical augmentory influence. ‘4 
An important stipulation is that the injury to the 
cord, if complete, be above the sympathetic 
outflow and that the cord below the injury be alive 


and reflexive. That is, the concept of PVS requires 
that the genital afferents and their pathways to 
the spinal ejaculation generator, the spinal ejacula- 
tion generator itself, and the sympathetic and 
somatic efferent output from the spinal ejaculation 
generator are all intact and functional. PVS simply 
initiates the ejaculatory reflex without the help, 
inducement, and motivation provided by the 
cerebral/cortical sexual centers. So, PVS is appli- 
cable to the SCI male with a lesion above the lower 
thoracic/upper lumbar neurologic level who 
cannot generate an ejaculatory reflex during sex- 
ual stimulation and whose cord structures below 
the lesion are viable and lively. If the bulbocaver- 
nosus reflex (BCR) and the hip flexor response 
(HR) are both intact, the patient is much more likely 
to be successful with PVS as they, essentially, 
demonstrate a wholly active reflex arc and integrity 
of all of the neural pathways involved. Bird and col- 
leagues”? reported that if both BCR and HR are 
positive, PVS is successful in inducing an ejacula- 
tory reflex in 94% of men with an injury level be- 
tween T1 and T6 and 67% of men with an injury 
level between T7 and T12. No patient was suc- 
cessful if neither reflex was positive. PVS allows 
for the retrieval of a semen specimen in a very sim- 
ple fashion that then can be used for home self- 
insemination, intrauterine insemination (IUI) or 
in vitro technologies.”° In the appropriate SCI 
male, PVS is the first line option for treatment. 
The first line option is NOT surgical sperm retrieval 
coupled with intracytoplasmic sperm injection. 
PVS involves the use of a vibrator to induce 
ejaculation and can be either one created specif- 
ically for the purpose or one generally purchased 
for massage.’’ Briefly, the device is placed on 
the glans or frenulum. If ejaculation is not elicited 
after 2 minutes of stimulation, another attempt 
can be made after a period of rest. Once ejacula- 
tion occurs, PVS is terminated. The specimen is 
collected in a cup that can then be used in a variety 
of ways depending on the semen parameters as 
well as the other details of the couple. If there 
are more than 4 million motile sperm in the sample, 
intravaginal insemination (IVI) and IUI are the best 
options given their lower cost and less invasive na- 
tures.’ Patients and their partners can be given 
the option of using PVS with IVI at home. To do 
this, patients perform PVS timed with their part- 
ners’ ovulation cycle as measured by temperature 
or urine markers. Once the sample is obtained, it is 
inserted into the vagina by the couple using a nee- 
dleless syringe. Success rates with this method 
are extremely variable, ranging from 25% to 
65%.’° Intrauterine stimulation is a good option 
for patients incapable of performing PVS at home 
but with adequate motile sperm after retrieval. 


The procedure is similar to that described for IUI 
except men undergo PVS or electroejaculation 
(EEJ) in a clinical setting. The sample is then in- 
jected directly into the uterus, resulting in success- 
ful pregnancy in approximately 33% of couples.’”? 
The last option, in vitro fertilization (IVF) with or 
without intracytoplasmic sperm injection (ICSI), is 
the most costly and invasive. This method also 
has a wide variability of reported success, ranging 
from 38% to 100%.’° 

The best candidates for PVS are those men 
with complete SCI above the level of T10. In this 
population, approximately 88% will be success- 
ful.°° For those men that fail to ejaculate, Brackett 
and colleagues?! found that using 2 vibrators can 
salvage 22%, placing one on the dorsum of the 
glans and the other on the frenulum. Men with 
lower lesions, however, (ie, with disruption of 
the penile nerves) have only a 15% success 
with PVS.°?:°° Patients with incomplete lesions 
above T10 also do not have the same success 
because of the cortical inhibition of the ejacula- 
tory reflex. Patients are considered to have failed 
PVS after 2 unsuccessful attempts at least 1 week 
apart. Chehensse and colleagues** provided a 
recent systematic review and meta-analysis in 
which 21 articles provided data regarding the 
success of PVS. The overall ejaculation rate was 
52%: 47% and 53% for patients with complete 
and incomplete SCI, respectively. The investiga- 
tors also concluded that injuries to the T12-S5 
segments, as a whole, markedly decreased the 
success rate, as would be expected based on 
the neuroanatomy of the ejaculatory reflex arc. It 
is easily realized that PVS is not applicable to 
those men whose defect is downstream from 
the ejaculatory reflex such as those with ejacula- 
tory dysfunction after an RPLND or pelvic surgery 
with interruption of their peripheral sympathetic 
outflow. 

Autonomic dysreflexia (AD) is a serious concern 
during PVS in patients with a spinal injury level 
above T6. Any stimulus that elicits a sympathetic 
discharge, such as bladder distention or emission, 
may result in AD. The isolated, enhanced sympa- 
thetic tone from segment T6 and below constricts 
the innervated blood vessels leading to hyperten- 
sion below the injury. The sympathetics above T6 
are inhibited (arterial dilation, headache, and facial 
flushing), and the cranial parasympathetics are 
activated (reflex bradycardia and sweating).°* Pa- 
tients with a history of this response or with an 
injury at the level of T6 or above should be given 
20 mg sublingual nifedipine before beginning the 
treatment. If patients start to become hypertensive 
rapidly, the procedure should be terminated 
immediately. 


Ejaculatory Dysfunction 


Rectal Probe Electroejaculation 


By applying an electrical stimulus directly to the 
vasal ampullae and the seminal vesicles, contrac- 
tion of these structures can be induced with flow of 
their contained contents into the prostatic urethra. 
Rectal probe electroejaculation (RPE) does NOT 
initiate an ejaculatory reflex. It does NOT create 
rhythmic spasmodic activity of the periurethral 
musculature. It merely causes smooth muscle 
contraction in the vasal ampullae and seminal ves- 
icles when the current is applied. Seminal fluid 
typically drips from the urethral meatus but may 
also flow passively in a retrograde direction. It 
can, therefore, be used for patients who have a 
normal rectal vault as well as vasa and seminal 
vesicles that have the capacity to respond to an 
electrical stimulus (they must be patent and peri- 
staltic). General anesthesia needs to be used if pa- 
tients are sensate in the rectal area (eg, status post 
RPLND) or will experience severe AD that is not 
well controlled by nifedipine pretreatment (eg, pa- 
tients with cervical level tetraplegia). Patients are 
placed in the left lateral decubitus position, and a 
rectal probe is inserted with its electrodes facing 
the seminal vesicles and the prostate. Before pro- 
ceeding, a 12Fr or 14Fr catheter is inserted into the 
bladder, the urine emptied, and 10 mL of buffer is 
instilled to optimize the milieu for any sperm that 
may drift in a retrograde direction during the pro- 
cedure. The electrical current is started at 3 to 
5 V and increased in 1- to 5-V increments to a 
maximum of 20 to 30 V.°° The current is abruptly 
terminated after each wave. Stimulation is 
continued until no further fluid is seen dribbling 
from the meatus. The bladder is then recatheter- 
ized to obtain any retrograde specimen. RPE is 
the first-line choice of therapy for men with lower 
spinal cord lesions that have flaccid extremities 
and absent bulbocavernosus and hip flexor re- 
flexes. Because they are usually insensate, RPE 
can be easily performed in an office setting. 
Patients with SCI with thoracic level lesions in 
whom PVS failed are also candidates. If there is 
no rectal sensation and AD can be suppressed 
with nifedipine, RPE can be performed without 
anesthesia. In those men with cervical level injuries 
with severe AD, general anesthesia is the safest 
option. RPE may also be used in other neurologic 
conditions but may fail in patients with diabetes if 
the terminal vasa are aperistaltic without active 
and responsive smooth muscle as often occurs 
as a sequela of long-standing diabetes. The 
Seager Model 14 Electroejaculator (Dalzell Me- 
dical Systems, The Plains, VA) is the only device 
approved by the Food and Drug Administration 
(Fig. 2). 
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Fig. 2. The Seager Model 14 Electroejaculator induces 
contraction of the vasal ampullae and seminal vesi- 
cles. After insertion via the rectum of an appropriately 
sized probe, the electrodes are positioned to face the 
vasa and seminal vesicles, and current is applied for 
5 seconds and stopped for 20 seconds. The current is 
incrementally increased to a maximum of 0.4A. 


The choice of how to use the retrieved specimen 
depends on the other aspects of the couple’s 
circumstance as well as the total motile sperm 
count. For easily obtained specimens in the office 
setting, perhaps IUI can be used. For specimens 
obtained only under general anesthesia and with 
a low number of motile sperm, perhaps cryopres- 
ervation with subsequent IVF would serve the 
couple. In the series of Brackett and colleagues, °° 
RPE was performed 953 times on 210 patients 
with SCI who had failed prior PVS, and sperm 
were retrieved in 92% of the men. Hsiao and col- 
leagues®’ provided an excellent treatment algo- 
rithm for those men with anejaculation after 
postchemotherapy RPLND and noted that sperm 
were found in 15 out of 20 men in whom RPE 
was conducted. When used in the appropriate 
population, RPE can provide semen specimens 
for use as the source of sperm for a variety of ad- 
junctive techniques. 


Direct Microsurgical Sperm Harvesting 


Surgical retrieval of sperm should always be 
considered only after PVS and RPE have failed 
or are deemed inappropriate. The harvested 
sperm need to be used in conjunction with ICSI, 
which is the most intense, complicated, and 
expensive of the adjunctive techniques.®® 


SUMMARY AND THE FUTURE 


The future is both depressing and hopeful. 
Increasing rates of diabetes with the obesity 
epidemic in the United States will surely lead to 
more and more men suffering from ejaculatory 
dysfunction. War trauma to the lower extremities 


and genital structures is being seen more and 
more commonly. However, great effort is being 
made to mitigate the devastating effects of acute 
SCI at the scene, in the hospital, and in extended 
rehabilitation. Perhaps the long-awaited stem cell 
therapeutic advances in this regard are near. As 
we acquire an improved understanding of the 
neurophysiology of ejaculation, perhaps we will 
be able to more effectively provide targeted 
therapy. An example is provided by the recent 
work on purinergic (P2) receptors. P2X receptors 
mediate contraction in smooth muscles, and 
2 subtypes exist in the reproductive ductal struc- 
tures (P2X1 and P2X2). As Gur and colleagues®® 
so elegantly phrased it, “Targeting of extracellular 
or intracellular P2X and/or P2Y receptor signaling 
pathways holds promise in affecting the lower 
genitourinary tract system. Our advancing knowl- 
edge about purine agonists and their pharmaco- 
logic benefits in erectile, ejaculatory, urinary 
bladder and prostatic hyperplasia may service 
clinical problems in the near future”.°° Also impor- 
tant is the continued education of new physicians 
who care for men with SCI so that methods, such 
as PVS and IVI, are foremost in their therapeutic 
algorithm. Surgical sperm harvesting has its role 
but should not always be the first choice. 
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[Varicoceles are present in 35% to 40% of infertile men and represent a highly treatable form of male 


infertility. 


[Varicoceles can result in disordered spermatogenesis, germ cell sloughing within the seminiferous 
tubules, testicular atrophy, and decreased testosterone secretion. 

[Microsurgical varicocelectomy results in improved semen parameters and reproductive outcomes 
with low rates of recurrence and postoperative morbidity. 

[Varicocelectomy is more cost-effective than both IUI and in vitro fertilization as a treatment option 


for affected infertile couples. 


HISTORICAL PERSPECTIVE 


The association of the varicocele with male infer- 
tility derives back to the first century AD when 
Celsius reported a link between dilated scrotal 
veins and testicular atrophy.' Besides supportive 
clothing, no known intervention was offered for 
symptomatic painful varicoceles until the nine- 
teenth century when various methods were estab- 
lished to ligate these dilated veins. Among them 
was the Woods operation, which consisted of the 
passing of wire loops around the scrotal vessels 
and applying tension until they eventually cut 
themselves out.? Another popular modality in- 
volved the use of Andrew varicocele clamp, which 
removed the dilated vessels along with the scrotal 
skin covering these vessels.° Several modifica- 
tions were made on these “varicocelectomy’” tech- 
niques, but the main indication for surgery was 
scrotal discomfort secondary to varicocele. 

The benefits of varicocelectomy with regards to 
male reproduction were not recognized until the 
late nineteenth century. In 1885, Barwell* reported 
on 100 men with varicoceles who underwent 
placement of wire loops around dilated scrotal 
veins and observed an improvement in testicular 


size and consistency. Testicular function was 
augmented by Bennet? in 1889, when he reported 
an improvement in semen quality in a patient who 
underwent bilateral varicocelectomy. In 1929, 
Macomber and Sanders® further elucidated the 
reproductive benefit to varicocelectomy by report- 
ing normal semen parameters and fertility after the 
procedure in an oligozoospermic subfertile pa- 
tient. Despite these early reports, varicocelectomy 
did not gain popularity as a surgical treatment of 
male infertility until the work of Tulloch in 1955. 
In his series of 30 patients undergoing unilateral 
or bilateral varicocelectomy, he demonstrated an 
improvement in semen parameters in 26 patients, 
of which 10 had return to normal fertility with suc- 
cessful pregnancy.’ His conclusion that “where a 
varicocele is associated with subfertility, the vari- 
cocele should be cured” has become part of 
the backbone of reproductive medicine, and nu- 
merous studies have followed demonstrating an 
improvement in semen parameters and pregnancy 
rates in infertile men undergoing this procedure. 
These more contemporary series on varicoceles 
and treatment options, including outcomes data, 
are reviewed in further sections. 
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The varicocele clamps and wire loops were dis- 
continued in the early twentieth century as the liga- 
tion or excision of the pampiniform plexus 
transformed to varicocelectomy through the 
inguinal or scrotal route. Because of the high fail- 
ure rate and the risk of injury to end arteries 
through the scrotal approach, lvanissevich advo- 
cated “high ligation of the internal spermatic 
vein” through either the high inguinal or retroperi- 
toneal approach.” In 1960, he further documented 
his experience with 4470 operative cases, demon- 
strating both low complication and failure rates, 
and many surgeons continue to use some modifi- 
cation of this technique today. More advances in 
varicocelectomy came through the use of micro- 
surgery in the 1980s, when several published 
series demonstrated not only greater efficacy but 
also a reduction in morbidity through better pres- 
ervation of the internal spermatic artery and 
lymphatic channels with higher magnification.°-"' 


ANATOMY 


A varicocele is defined as a dilatation or tortuosity 
of the veins of the pampiniform plexus. Clinically, 
they are found more commonly on the left side, 
although there is wide variation among the re- 
ported prevalence of bilateral varicoceles, which 
range from 30% to 80%.'* An isolated right- 
sided varicocele is extremely rare and raises 
concern about an underlying retroperitoneal mass. 

The reason for the prevalence of left varicoceles 
can be clarified by retroperitoneal anatomy. The 
left internal spermatic vein drains perpendicularly 
into the left renal vein, whereas the right internal 
spermatic vein drains obliquely into the vena 
cava. This basic finding has 2 ramifications that 
contribute to the left-sided predisposition. For 
one, the course of the left internal spermatic vein 
results in a length of approximately 8 to 10 cm 
longer than its right-sided counterpart. This added 
length, coupled with upright posture, results in 
increased hydrostatic pressure, which can over- 
come valvular mechanisms in certain men and 
lead to dilatation and tortuosity of spermatic veins. 
Second, the perpendicular insertion of the left 
internal spermatic vein into the left renal vein ex- 
poses the left spermatic vein to pressure eleva- 
tions within the left renal vein. The oblique 
insertion of the right internal spermatic vein into 
the vena cava, on the contrary, shields the right in- 
ternal spermatic vein from the increased pressures 
within the vena cava. '° The basis for increased hy- 
drostatic pressure and varicocele formation is best 
elucidated by the work of Shafik and Bedeir, '* who 
studied venous tension patterns in spermatic cord 
veins in 32 patients with a left varicocele and 


30 controls. They demonstrated that patients 
with left varicoceles have a venous tension that 
is considerably higher both during rest and during 
Valsalva maneuver compared with that in control 
subjects, with average increases of 19.7 mm Hg 
and 22 mm Hg, respectively. 

The predisposition to varicocele formation is 
also related to abnormalities in valvular mecha- 
nisms among certain patients. In a well-quoted 
study, Ahlberg and colleagues'® performed 
anatomic examination of 30 normal men at au- 
topsy and revealed the complete absence of 
valves in 40% of the left spermatic veins and 
23% of the right spermatic veins. In a follow-up 
study, Ahlberg and colleagues"° performed selec- 
tive phlebography in patients with varicoceles and 
control subjects in the erect position; they demon- 
strated retrograde left internal spermatic vein filling 
in 22 patients with varicoceles and right internal 
spermatic vein filling in 10 patients. They reported 
that some of these patients had no valves and 
others had incompetent valvular mechanics. 
Meanwhile, they did not observe any retrograde 
filling in 9 control patients and 6 patients who un- 
derwent previous varicocelectomy. These studies 
articulate 2 important points: first, valvular mal- 
function or absence does exist in a certain 
segment of the population, and second, the 
absence of valves is more common in the left inter- 
nal spermatic vein. 

There may also be a genetic basis to the valvular 
dysfunction leading to varicocele development. 
Raman and colleagues'’ evaluated 62 first- 
degree relatives of patients with varicoceles and 
found that 56.5% of them had a clinically palpable 
varicocele on physical examination, compared 
with a prevalence of 6.8% in 263 controls. Specif- 
ically, among the first-degree relatives with varico- 
celes, 74% were brothers, 41% were fathers, and 
67% were sons. Although the genetic mechanisms 
predisposing to varicocele formation remain to be 
elucidated, these results suggest an inheritance 
pattern of this anatomic finding. 

Most anatomic research has been conducted 
on the internal spermatic vein and varicocele for- 
mation; however, there are some data to suggest 
that dilated external spermatic (cremasteric) veins 
can also contribute to primary or recurrent varico- 
celes. In 1980, Coolsaet! retrospectively re- 
viewed 67 patients with left varicoceles who 
underwent preoperative venography and demon- 
strated that the cause of varicoceles stems from 
dysfunction within the internal spermatic vein, 
obstruction of the common iliac vein (resulting in 
dilated external spermatic veins), or both mecha- 
nisms. Murray and colleagues‘? evaluated 44 vari- 
cocele recurrences and reported that 58% of 


these are due to inguinal (external spermatic) col- 
laterals. Using 4 mm as the threshold for vein dila- 
tion, Chehval and Purcell?° identified dilated 
external spermatic veins in 49.5% of 93 varico- 
celes in 67 patients. It is generally acknowledged 
that these external spermatic veins can lead to 
varicocele formation and recurrence, and stan- 
dard inguinal or subinguinal varicocelectomy calls 
for routine inspection and ligation of these external 
spermatic collaterals. In addition to demonstrating 
varicocele recurrences due to venous collaterals 
that bypass the inguinal portion of the spermatic 
cord, Kaufman and colleagues?’ report that 7% 
of recurrences are due to scrotal collaterals. This 
finding forms the basis for delivery of the testicle 
during varicocelectomy and ligation of all guber- 
nacular veins exiting from the tunica vaginalis. 
Goldstein and colleagues** report a lower recur- 
rence rate (0.6%) with delivery of the testis and 
adaption of the microsurgical technique. 


PATHOPHYSIOLOGY 


It is well acknowledged that varicoceles can cause 
progressive testicular damage and infertility. Lip- 
shultz and Corriere demonstrated that varicoceles 
result in testicular atrophy in both fertile and sub- 
fertile men.*° Multiple histologic studies have 
explored this phenomenon on the microscopic 
level. Not only is there the loss of testicular mass 
with varicoceles, but also there can be substantial 
areas of testicular dysfunction. Scott reported his 
findings after having performed bilateral testicular 
biopsies in 17 patients with unilateral varicoceles; 
he found hypospermatogenesis with decreased 
thickness of germinal epithelium in both testes.*4 
Several others have confirmed his findings and 
have also reported areas of spermatogenic arrest, 
sloughing of spermatogenic cells, and “Sertoli cell 
only” histology associated with the presence of 
unilateral varicoceles.*° Saleh and colleagues?’ 
reported testicular biopsy results from 37 azoo- 
spermic men with varicoceles; these revealed 
complete spermatogenesis with disorganization, 
sloughing, and low to moderate sperm counts in 
30% , arrested spermatogenesis in 38%, and “Ser- 
toli cell only” histology in 32% of cases. Despite 
the extensive testicular dysfunction in these azoo- 
spermic men, the authors showed that the degree 
of histopathologic impairment is independent of 
the clinical grade of the varicocele. The same de- 
gree of testicular damage was equally associated 
with either grade | or grade III varicoceles. 

It remains unclear when an otherwise incidental 
varicocele may become pathologic. Gorelick and 
Goldstein reported that varicoceles were palpable 
in 35% of men presenting with primary infertility 
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and in 81% of men with secondary infertility. The 
men with secondary infertility had significantly 
lower mean sperm concentration, poorer mor- 
phology, and higher follicle-stimulating hormone 
levels than did men with varicoceles and primary 
infertility.” Their findings suggest that varicoceles 
cause a progressive decline in fertility and can 
continue to induce impairment of spermatogen- 
esis, despite prior fertility. Chehval and Purcell?° 
followed men with varicoceles presenting for 
fertility evaluation at 9- to 96-month intervals and 
found a statistically significant deterioration in 
sperm density and motility, suggesting progres- 
sive testicular deterioration. 

There are several hypotheses that attempt to 
explain the correlation between varicoceles and 
testicular dysfunction. The most widely acknowl- 
edged mechanism is that of testicular hyperther- 
mia. Human testicles are approximately 15€ to 
2 less than normal body temperature. Scrotal 
thermoregulation is maintained by thin scrotal 
skin, which lacks subcutaneous fat and a counter- 
current heat exchange system involving the pam- 
piniform plexus. This system, first proposed by 
Dahl and Herrick,” allows arterial blood to be 
cooled as it is delivered to the testis and enables 
the lower temperatures ideal for testicular func- 
tion. In most men, scrotal temperatures are lowest 
during the standing position; however, standing 
also intensifies varicoceles and may prevent the 
reduction in testicular temperature.°° In 1973, 
Zorgniotti and Macleod?’ reported that oligozoo- 
spermic patients with varicoceles had bilateral in- 
trascrotal temperatures that were significantly 
higher by 0.6™€ to 0.7" than those of normal con- 
trols. Goldstein and Eid?? used sensitive needle 
thermistors to measure intratesticular and bilateral 
scrotal surface temperatures in anesthetized infer- 
tile men with unilateral varicoceles and normal 
controls, and they demonstrated an average tem- 
perature increase of 2.5°€ in men with varicoceles. 
Several other studies have demonstrated an in- 
crease in intrascrotal temperature in men with var- 
icoceles, although there is controversy on the 
amount of elevation. 

Animal and human studies show that this addi- 
tional heat can be detrimental to spermatogenesis. 
Lue and colleagues** exposed the scrota of rats to 
434 for 15 minutes, which resulted in increased 
apoptosis for spermatocytes and spermatids. Yin 
and colleagues,** using an adult mouse model of 
experimental unilateral cryptorchidism, showed 
that exposure of the testis to abdominal tempera- 
ture results in increased DNA fragmentation, loss 
of testicular weight, histologic evidence of germ 
cell loss, and widespread apoptosis of germ cells 
(particularly primary spermatocytes and round 
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spermatids). Although human studies also confirm 
the association between varicoceles, elevated 
scrotal temperatures, and testicular dysfunction, 
not all men with varicoceles share this phenome- 
non. Lewis and Harrison? demonstrated that 
men with varicoceles and abnormal spermatogen- 
esis had higher scrotal temperatures compared 
with men with varicoceles and normal results in 
semen analyses. To confound the picture further, 
Mieusset and colleagues*® demonstrated that 
infertile men with abnormal spermatogenesis 
have higher scrotal temperatures compared with 
fertile men, regardless of the presence of a varico- 
cele. Although the scrotal temperatures of infertile 
men with varicoceles were significantly higher than 
those of fertile men, they did not differ significantly 
from those of infertile men without varicoceles. 

The persistence of scrotal hyperthermia and 
abnormal semen parameters in only some men 
with varicoceles remains a clinical mystery. Nu- 
merous studies have investigated various molecu- 
lar markers in men with varicoceles to see why 
these dilated tortuous veins have a harmful effect 
on spermatogenesis in only some men. One inter- 
esting theory involves the heat shock proteins 
(HSPs) and heat shock factors (HSFs), both of 
which generally have a protective function. Acti- 
vated by increased temperature and stress, 
HSPs and HSFs serve as molecular chaperones 
that mitigate the stress-induced denaturation of 
other proteins, allowing cells to survive in poten- 
tially lethal conditions.°” Lima and colleagues*® 
have shown that the gene expression of one 
particular HSP, HSPA2, is downregulated in ado- 
lescents with varicoceles and oligozoospermia 
compared with both adolescents without varico- 
celes and adolescents with varicoceles and 
normal sperm concentration. Yeşilli and col- 
leagues?’ confirmed that HSPA2 level is lower in 
patients with varicoceles and abnormal semen 
parameters and that this expression increases 
significantly after varicocelectomy. These studies 
suggest that HSPA2 expression may be a marker 
of thermal tolerance in men with varicoceles. Other 
studies have demonstrated additional HSPs and 
HSFs in ejaculated sperm of men with varicoceles 
and impaired spermatogenesis, although the clin- 
ical significance of these molecular markers re- 
quires further investigation.*° 

Hypoxia and oxidative stress also play a role in 
varicocele pathophysiology. In a rat varicocele 
model, Kiling and colleagues*' demonstrated 
that the levels of various markers for hypoxia and 
angiogenesis, namely, hypoxia inducible factor- 
1alpha (HIF-1alpha) and vascular endothelial 
growth factor, were significantly elevated in rats 
with surgically induced varicoceles compared 


with a sham operated cohort and a control group. 
In men with a grade 3 unilateral varicocele under- 
going varicocelectomy, Lee and colleagues‘? 
demonstrated that HIF-1alpha expression is 
7-fold higher in the internal spermatic vein 
compared with control subjects. Both these 
studies confirm that varicoceles are associated 
with increased hypoxia, and this may contribute 
to testicular dysfunction. Further, increased oxida- 
tive stress has also been associated with varico- 
celes. Hendin and colleagues? demonstrated 
that patients with varicoceles had significantly 
higher reactive oxygen species (ROS) levels 
compared with controls; however, these levels 
did not differ significantly between infertile men 
with varicoceles and fertile men with varicoceles. 
Likewise, total antioxidant levels were significantly 
lower among men with varicoceles, regardless of 
fertility status. Other markers for oxidative stress, 
namely, nitrotyrosine and 4-hydroxy-2-nonenal— 
modified proteins, have also been identified in 
men with varicoceles.***° ROS production in 
semen has been associated with loss of sperm 
motility, decreased capacity for sperm-oocyte 
fusion, and loss of fertility.“° Surgical correction 
of the varicocele is associated with decreased 
oxidative stress; Mostafa and colleagues*’ re- 
ported that varicocelectomy results in a significant 
reduction in ROS levels and also an increase in the 
antioxidant capacity of semen in infertile men. 

The reflux of renal and adrenal metabolites into 
the spermatic vein is also hypothesized to con- 
tribute to varicocele pathophysiology. Given 
venography studies, which demonstrate reflux of 
blood from the renal vein to the spermatic vein, 
along with venous pooling secondary to the dila- 
tion and tortuosity of the varicocele, it is thought 
that these renal and adrenal metabolites can be 
toxic to testicular function. However, there is 
considerable inconsistency among studies exam- 
ining the presence of these metabolites in repro- 
ductive tissues. Comhaire and Vermeulen“® 
reported increased catecholamine levels in the in- 
ternal spermatic vein of patients with varicoceles, 
but other investigators were unable to confirm this 
finding.*®°° Elevated levels of prostaglandins E 
and F, both of which are antispermatogenic in an- 
imal models, have been identified in the internal 
spermatic vein in patients with varicoceles.°'°? 
In addition, elevated levels of the potent vasodi- 
lator adrenomedullin have been identified in the 
spermatic vein of patients presenting for varico- 
cele repair; it is thought that this metabolite may 
disturb the countercurrent heat exchange system 
of the spermatic cord.°° 

Hormonal dysfunction has also been associated 
with varicoceles and can contribute to their 


pathophysiology. Animal studies using surgically 
induced varicoceles show subsequent reductions 
in serum and intratesticular testosterone 
levels.”^55 Comhaire and Vermeulen®® have 
demonstrated that decreased plasma testos- 
terone concentrations are found in men with vari- 
coceles. In one of the largest studies to date, the 
World Health Organization published data on 
9034 men presenting for an infertility evaluation 
and reported that men older than 30 years with 
varicoceles had significantly lower testosterone 
levels than younger men with varicoceles. Mean- 
while, this trend was not observed in men without 
varicoceles, suggesting a progressive detrimental 
effect of the varicocele on Leydig cell function.°” 
However, other reputable series have not shown 
any significant differences in plasma testosterone 
in men with varicoceles compared with normal 
men.°°:°° Additional studies suggest Leydig cell 
dysfunction and decreased testosterone synthesis 
in some men with varicoceles. Weiss and col- 
leagues®° reported that the testicular tissue of 
men with varicoceles and severe oligozoospermia 
have suppression of in vitro testosterone synthesis 
compared with normal controls. Sirvent and col- 
leagues°' studied testicular histology in men with 
varicoceles and reported increased Leydig cell 
cytoplasmic vacuolization and atrophy and a 
decrease in the total number of Leydig cells; this 
was true of bilateral testicular tissue in men with 
a unilateral varicocele. 

The reversibility of Leydig cell dysfunction with 
varicocele treatment remains controversial. With 
retroperitoneal varicocelectomy, historical studies 
by Hudson and colleagues“? and Segenriech and 
colleagues®* report an insignificant increase in 
testosterone from preoperative levels, although 
both study populations were small (14 and 24 
patients, respectively). Conversely, Su and col- 
leagues®? reported a statistically significant in- 
crease in serum testosterone levels in 53 infertile 
men with varicoceles undergoing microsurgical 
inguinal varicocelectomy. Mean serum testos- 
terone increased from a preoperative level of 
319 to 409 ng/dL, suggesting that varicocelec- 
tomy can improve Leydig cell function in men 
with varicoceles. In addition, they found an in- 
verse correlation between preoperative testos- 
terone levels and change in testosterone levels 
after varicocelectomy, which suggests that pa- 
tients with lower preoperative serum testosterone 
levels and potentially more testicular dysfunction 
might achieve the greatest benefit from varicocele 
treatment. Tanrikut and colleagues reported 
data on 200 men undergoing varicocelectomy 
and reported a significant increase in serum 
testosterone levels in 70% of patients; however, 
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they did not find any association between change 
in testosterone level and age, laterality of varico- 
cele, or varicocele grade. These findings confirm 
the benefit to varicocelectomy in improving testic- 
ular function in some men and also suggest that 
the improvement in testosterone biosynthesis is 
independent of age and varicocele severity. 
Nonetheless, the reversibility of hormonal dys- 
function by varicocelectomy remains controver- 
sial, and, to date, no best practice policy 
statements or guidelines advocate varicocelec- 
tomy for isolated hypogonadism. 


PRESENTATION 


Varicoceles are present in 15% to 20% of the gen- 
eral population but in approximately 35% to 40% 
of men presenting for an infertility evaluation.°°°° 
Any man presenting with a known varicocele 
who has a possible interest in future paternity 
should be offered a thorough medical and repro- 
ductive history, a physical examination, a hormone 
profile, and semen analysis testing. 


Diagnosis 


A meticulous physical examination is paramount 


to accurately diagnosing a varicocele. Ideal condi- 
tions include a warm room, a comfortable and 
cooperative patient, and a skilled clinician. To 
facilitate examination of the scrotal contents, the 
scrotum should be warm and relaxed. A cold envi- 
ronment or uncomfortable patient may result in 
shrinkage or tightening of the scrotum, which can 
make a varicocele more difficult to palpate. 
Some clinicians have even recommended a heat- 
ing pad to ensure the accuracy of the physical ex- 
amination.©° The patient should be examined in 
both the recumbent and upright positions. 

These tortuous dilated veins have been 
described as a “bag of worms” by Dubin and Ame- 
lar°’ and may be significantly reduced or even 
disappear when the patient is in the supine posi- 
tion. When a varicocele is suspected but not 
clearly palpable, the patient should perform a Val- 
salva maneuver in the standing position. This exer- 
cise will enable the dilated veins to become more 
engorged, and the clinician may palpate a discrete 
pulse when examining the cord. Typical findings 
include dilated veins above the testis within the 
spermatic cord, most commonly on the left side, 
along with ipsilateral or bilateral testicular atrophy. 
Although isolated right varicoceles do occur, they 
are extremely rare and should raise the question 
of an underlying retroperitoneal process such as 
lymphadenopathy. Furthermore, varicoceles that 
do not reduce in the supine position should raise 
the same concern and merit further investigation. 
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The varicocele grading system, as proposed by 
Dubin and Amelar,® as is follows: 


Grade 1, small Palpable only with the 
patient standing and 
performing a concurrent 


Valsalva maneuver 


Palpable with the patient 
standing, without a 
Valsalva maneuver 

Visible through the scrotal 
skin and palpable with 
the patient standing 


Grade 2, 
moderate 


Grade 3, large 


Clinical varicoceles are defined as varicoceles 
that are palpable on physical examination, and 
only these varicoceles have been associated with 
infertility. Although there are several radiologic 
modalities available, routine use of imaging 
studies is not recommended for the detection of 
subclinical varicoceles in patients without a 
palpable abnormality.©® 


Ultrasonography 


Scrotal ultrasonography is not indicated for routine 


evaluation of men with varicoceles. However, in a 
situation in which the physical examination is 
inconclusive, scrotal ultrasound examination can 
be used for clarification. Chiou and colleagues®® 
demonstrated a sensitivity of 93% and specificity 
of 85% for color flow Doppler ultrasonography 
(CDU) when compared with physical examination 
(Fig. 1). All moderate to large varicoceles found 
on physical examination were detected by CDU 
diagnosis. Petros and colleagues’? demonstrated 
that CDU detected 93% of varicoceles found on 
physical examination and provided the best corre- 
lation with venography. Thus, in situations in which 
physical examination may be challenging due to 
scrotal size or skin thickness, CDU may be a useful 
adjunct to the diagnosis of varicocele. 


Caution with scrotal ultrasonography persists 
because of the detection of subclinical varicoceles 
and the controversy surrounding their manage- 
ment. Mihmanli and colleagues”! used CDU in 
208 testes units in infertile patients without clinical 
varicoceles on physical examination and detected 
94 subclinical varicoceles. However, correction of 
subclinical varicoceles has not been proved to 
positively affect fertility. Grasso and colleagues”? 
randomized 68 infertile patients with subclinical 
varicoceles to varicocelectomy versus observa- 
tion and found no improvement in sperm quality 
or paternity. Yamamoto and colleagues”? reported 
similar findings in 85 infertile patients; they noted 
an improvement in sperm density, but there were 
no significant differences in sperm motility, 
morphology, or pregnancy rate. Because of the 
dearth of data showing any reproducible benefit 
for the treatment of subclinical varicoceles, wide- 
spread use of ultrasonography to screen for 
dilated spermatic veins is not advocated. 

Scrotal ultrasonography is useful in patients who 
have undergone prior surgery and in whom recur- 
rence or persistence of varicocele is suspected. In 
addition, ultrasonography is more accurate than 
physical examination or orchidometer when as- 
sessing testicular size, especially when there is 
the concern for progressive testicular atrophy. 
Thus, although ultrasonography is not routinely 
used in the diagnosis of varicocele, it may supple- 
ment physical examination findings in some cases 
and should be used at the discretion of the treating 
clinician. 


Venography 


Retrograde spermatic venography is generally 
considered to be the most sensitive test for the 
detection of varicoceles. However, it is fairly inva- 
sive and usually only performed in conjunction 
with therapeutic occlusion. Access is usually ob- 
tained via the right femoral vein or right internal ju- 
gular vein, as described by Seldinger, and a 
catheter is advanced to the testicular vein and a 
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Fig. 1. (A) Scrotal ultrasonography demonstrated dilated tortuous veins consistent with varicocele (arrows). 


(B) Doppler flow in patient with grade 3 varicocele. 


contrast agent injected.’* In patients with palpable 
varicoceles, reflux has been reported in 100% of 
patients. '© However, the specificity of this modal- 
ity has been questioned, as there is a considerable 
false-positive rate. Netto Junior and colleagues’° 
demonstrated no statistically significant differ- 
ences in the presence of spermatic vein reflux in 
subfertile patients with varicoceles, fertile patients 
with varicoceles, and normal controls. 

There is also considerable technical variability 
with diagnosis, ’° and thus venography is consid- 
ered an adjunct to physical examination and usu- 
ally reserved for situations where treatment can 
be pursued in the same setting. An interesting 
concept proposed by Hart and colleagues” advo- 
cates intraoperative spermatic venography during 
varicocelectomy, with a reported 16% collateral 
drainage rate that could have resulted in varico- 
cele persistence if those specific veins were not 
ligated. Given the low recurrence rate and ad- 
vances with microsurgery, intraoperative sper- 
matic venography is not routinely performed; 
however, it can provide a more precise anatomic 
definition of venous anatomy in postsurgical pa- 
tients with varicocele persistence or recurrence. 
For this reason, a common indication for venog- 
raphy is a recurrent or persistent postsurgical vari- 
cocele; thus, difficult venous anatomy can be well 
delineated and simultaneous treatment offered. 
Punekar and colleagues’® reported a success 
rate of 85% in patients with recurrent varicoceles 
using stainless steel coil embolization. 


TREATMENT INDICATIONS 
Infertility 


As per the American Urological Association Best 
Practice Policy “Report on Varicocele and Infer- 
tility,” varicoceles should be treated when all the 
following conditions are met: 


1. Varicocele is palpable on physical examination 
of the scrotum. 

2. The couple has known infertility. 

3. The female partner has normal fertility or a 
potentially treatable cause of infertility. 

4. The male partner has abnormal semen param- 
eters or abnormal results from sperm function 
tests.°° 


With regards to infertility, varicocele treatment is 
not indicated if semen parameters are normal or if 
the varicocele is subclinical. Adult men who are 
not actively trying to conceive but present with 
an incidental varicocele should be counseled on 
fertility risk and offered at least 1 semen analysis 
to evaluate their reproductive capacity. Although 
not all men with varicoceles have abnormal semen 
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parameters, a substantial proportion of them may 
have reduced counts, decreased motility, and/or 
abnormal morphology. '*:7° Because they may try 
to achieve conception sometime in the future, 
men with clinically palpable varicoceles and ab- 
normal semen parameters should be informed of 
definitive varicocele treatment options. 

Men with clinically palpable varicoceles and 
normal semen parameters may be at risk for future 
testicular dysfunction. Witt and  Lipshultz’? 
demonstrated that varicoceles are capable of 
causing progressive fertility loss. In their date- 
matched retrospective analysis, they noted that 
varicoceles were identified as the cause of infer- 
tility in 69% of men with secondary infertility 
compared with 50% of men with primary infertility, 
suggesting that varicoceles are progressive le- 
sions resulting in the loss of previously established 
fertility. Gorelick and Goldstein’s work, as previ- 
ously discussed, supported this finding.” For 
this reason, young adult men with clinically 
palpable varicoceles, normal semen parameters, 
and a desire for future paternity should be offered 
monitoring with serial semen analyses every 1 to 
2 years. If abnormal results are obtained, semen 
analyses should be repeated, and if progressive 
dysfunction persists, they can be offered definitive 
treatment of varicocele. In addition, men with sec- 
ondary infertility and clinically palpable varicoceles 
should be offered the same treatment as individ- 
uals presenting with primary infertility. 

Young men with clinically palpable varicoceles 
and objective evidence of testicular atrophy may 
also be considered for varicocele treatment. 
Semen analyses can be offered to further clarify 
reproductive potential in this population, although 
reduced ipsilateral testicular size may alone 
indicate testicular dysfunction secondary to vari- 
cocele.®° Sigman and Jarow®' reported that pa- 
tients with unilateral left varicoceles and 
ipsilateral testicular hypotrophy had significantly 
reduced semen parameters compared with pa- 
tients without hypotrophy. Thus, adolescents and 
young men with varicocele-associated testicular 
growth retardation should be offered treatment. 
In patients with varicoceles but with normal (ipsilat- 
eral) testicular size, routine follow-up should 
include objective measurements of testicular size 
and/or semen analyses to detect the earliest sign 
of testicular dysfunction. 

With the advent of advanced assisted reproduc- 
tive technologies (ARTs), many couples with male- 
factor infertility secondary to varicocele may 
ultimately choose between varicocele treatment 
and IUI or in vitro fertilization/intracytoplasmic 
sperm injection (IVF/ICSI). Although many factors 
may influence this decision, couples should be 
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routinely counseled that varicocele repair might 
offer a permanent solution to male-factor infertility, 
whereas IUI or IVF/ICSI must be used for each 
pregnancy attempt. Moreover, there is consider- 
ably greater cost savings for varicocele treatment 
versus IUI/IVF or IVF in patients with isolated 
varicocele-related infertility.°*:°° 

Varicocele treatment is not routinely recommen- 
ded when IVF is necessary secondary to a female 
factor. However, in certain cases with both male 
and female factor components, varicocelectomy 
can augment ART efforts. In some azoospermic 
or cryptozoospermic patients, varicocele repair 
can lead to improved numbers of ejaculated sperm, 
thereby sparing these men a testicular sperm 
extraction. Kim and colleagues®* reported that 
approximately 43% of patients with azoospermia 
had return of sperm in the ejaculate after unilateral 
or bilateral varicocelectomy. These patients also 
underwent simultaneous testicular biopsy, which 
revealed that only men with severe hypospermato- 
genesis and maturation arrest spermatid stage had 
improvement in sperm density (patients with 
Sertoli-cell-only or maturation arrest spermatocyte 
stage did not demonstrate a benefit). Although all 
couples eventually required some form of ART to 
achieve a pregnancy, this study contends that 
certain patients with spermatogenic failure and var- 
icoceles may be candidates for varicocele repair, 
instead of resorting to testicular sperm extraction 
in preparation for ICSI. Additional studies regarding 
the benefit of varicocelectomy with ART are dis- 
cussed a subsequent section. 


Hypogonadism 


The progressive negative effect of varicoceles on 
Leydig cell function has been previously discussed 
along with the association of varicoceles and low 
serum testosterone in some men. With greater pub- 
lic awareness of hypogonadism and concern for 
varicoceles as a significant risk factor for androgen 
deficiency, there is an ongoing debate regarding 
the benefit of varicocelectomy for improving serum 
testosterone. Earlier studies did not show a statis- 
tically significant increase in serum testosterone 
after varicocelectomy; however, many of these 
studies were smaller scale*®:°* and included pa- 
tients with normal to above-normal baseline testos- 
terone levels.°°°° Meanwhile, studies by Su and 
colleagues®? and Tanrikut and colleagues™ have 
shown not only that varicocelectomy leads to an 
improvement in serum testosterone but also that 
men with lower preoperative testosterone levels 
derived the most benefit. Hsiao and colleagues?” 88 
corroborated this finding in infertile men with base- 
line lower testosterone values and confirmed that 


significant increases in serum testosterone post- 
varicocelectomy are independent of varicocele 
grade or age. 

Although this biochemical response in previ- 
ously hypogonadal men is interesting, it is worth- 
while to also assess the effects of varicocele 
treatment on the signs and symptoms of hypogo- 
nadism. Many younger men with hypogonadism 
may present with low energy, diminished libido, 
and erectile dysfunction (ED). Srini and Veera- 
chari? evaluated 200 heterosexual, hypogonadal 
infertile men with clinical varicoceles and divided 
them into 2 groups: those who underwent varico- 
celectomy and those who underwent ART. In the 
varicocelectomy group, they observed a statisti- 
cally significant increase in serum testosterone 
levels with 78% of patients becoming eugonadal. 
As expected, there was no change in serum 
testosterone levels in the hypogonadal men with 
varicoceles who underwent ART. However, they 
observed a reduction in ED among patients in 
the varicocelectomy group; the prevalence of ED 
decreased from 44% to 31%. Meanwhile, there 
was a mild increase from 39% to 41% in ED 
among those who were in the ART group and did 
not have correction of their serum testosterone. 
Zohdy and colleagues”? performed a similar study 
with 141 heterosexual infertile hypogonadal men 
with clinical varicoceles divided into a varicocelec- 
tomy treatment arm and an ART arm. They also re- 
ported a significant increase in serum testosterone 
levels in the varicocelectomy arm with normaliza- 
tion of testosterone levels in 75.5% of these 
men. Moreover, they reported a significant in- 
crease in the International Index of Erectile Func- 
tion 5 questionnaire results in hypogonadal men 
undergoing varicocelectomy, suggesting clinical 
improvement with regards to erectile function in 
symptomatic men. 

Varicocelectomy for men with low testosterone 
levels is a controversial and an evolving concept; 
it is not at this time considered to be a standard of 
care. To date, the body of evidence regarding vari- 
cocele treatment and low testosterone has primarily 
focused on populations of infertile men. Further- 
more, there are no studies on the long-term mainte- 
nance of higher testosterone levels after varicocele 
repair. Nonetheless, there is emerging evidence to 
suggest that microsurgical varicocelectomy may 
be a promising alternative to the medical treatment 
of hypogonadism and potentially prevent future 
androgen deficiency in some men. 


Symptomatic Varicoceles 


Varicoceles can also present with pain, which is 
typically a dull ache and localized to the scrotum 


or inguinal area. There is tremendous variability 
in the frequency, character, and intensity of this 
discomfort, and other potential causes of pain 
must be explored before the varicocele is 
treated. Common conservative measures include 
scrotal support/elevation, antiinflammatory med- 
ications, and analgesic agents. Patients may also 
benefit from a referral for pelvic floor physical 
therapy or consultation with a pain medicine 
specialist. 

When conservative measures prove inade- 
quate, definitive treatment of the varicocele can 
be offered, although patients should be coun- 
seled that surgery may not relieve their discom- 
fort. There is considerable variability regarding 
surgical outcomes for symptomatic varicoceles, 
but most reports show a high rate of success in 
relieving discomfort. These studies include sub- 
jects ranging from 11 to 284 patients, although 
the majority includes data on less than 100 pa- 
tients. Rates for resolution of pain and improve- 
ment of pain after varicocelectomy range from 
53% to 94% and 42% to 100%, respectively.°' 
Most contemporary studies use the microsurgical 
subinguinal approach,°* although all other op- 
tions such as laparoscopic and robotic tech- 
niques have also been used with respectable 
results.°°:°4 


TREATMENT OPTIONS 


The cornerstone of varicocele treatment is disrup- 
tion of the internal spermatic venous drainage of 
the testicle while preserving the internal sper- 
matic artery, the vasal and deferential vessels, 
and the spermatic cord lymphatics. Definitive 
treatments for varicocele include surgery and 
radiographic venous embolization. Although all 
approaches have been shown to be effective, 
there is the general preference among many urol- 
ogists to favor surgery given their expertise with 
various surgical approaches to varicocelectomy 
and its minimal complication rate. There are 
several surgical options available, and they are 
discussed later. 


Inguinal and Subinguinal Approach 


Most varicocele repairs are conducted using either 
of these 2 approaches. The inguinal approach, 
initially described by Ivanissevich,® necessitates 
exposure and incision of the external oblique 
aponeurosis. Care should be taken to avoid injury 
to the ilioinguinal nerve. The spermatic cord is then 
identified and mobilized at the level of the pubic tu- 
bercle, and it is carefully elevated and secured 
with a Penrose drain. This exposure also facilitates 
exposure of large external cremasteric vessels 
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that can contribute to the varicocele. 1° With Loupe 
magnification or microsurgery, the inguinal ap- 
proach allows excellent identification of the 
internal spermatic artery and vein before consider- 
able branching transpires. 

The subinguinal approach does not involve inci- 
sion of the external oblique fascia and has been 
shown to minimize postoperative discomfort.°°°° 
This approach is preferred at our and many other 
centers. After making a skin incision at the level 
of the external inguinal ring, the spermatic cord is 
mobilized immediately below at the level of the pu- 
bic tubercle and secured with a Penrose drain. Any 
large external cremasteric vessels should be iden- 
tified and ligated. Because there is considerable 
branching of the internal spermatic vein at the sub- 
inguinal level, most urologists use microsurgery 
with this approach to effectively recognize and 
preserve the testicular artery, vas deferens, and 
lymphatic vessels. 

Microsurgical varicocelectomy has been shown 
to have a higher success rate and minimal compli- 
cation rates when compared with nonmicrosurgi- 
cal modalities.°”°° Large-scale retrospective 
studies have documented extremely low recur- 
rence and complication rates; these complications 
can include hydrocele formation, testicular atro- 
phy, recurrent pain, and infection.27°° All patients 
should be counseled about the indications, risks, 
and benefits of surgery, including realistic assess- 
ments with regards to their outcome of interest 
(eg, fertility, pain). These procedures can be 
performed under local, regional, or general anes- 
thesia, although we favor use of general anes- 
thesia with either a laryngeal mask airway or 
endotracheal tube. The patient is supine on the 
operating room table with standard perioperative 
precautions such as padding, deep venous throm- 
boembolism prophylaxis, and intravenous antibi- 
otics for prophylaxis against gram-positive skin 
organisms. We use an operating microscope 
with a dual ocular system for our procedures. 

A 2.5- to 3-cm oblique incision is typically made 
over the external inguinal ring and then deepened 
through Camper and Scarpa fascias. Using 
Richardson retractors, the spermatic cord is 
exposed and gently dissected by sliding a finger 
longitudinally from the external ring to the upper 
scrotum. The cord is then manipulated, placed 
over a 1-inch Penrose drain, and carefully deliv- 
ered to skin level. We typically expose and ma- 
neuver the cord using manual dissection, but 
some favor use of a Babcock instrument to gently 
grasp the cord and aid in delivery.°° Through 
manual retraction of the spermatic cord with the 
Penrose drain, perforating external spermatic 
vessels are identified and carefully ligated. 
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At this point, the operating microscope is 
brought into the field and the cord is examined un- 
der 8 to 15 power magnification. Many different 
approaches to cord dissection have been de- 
scribed in the literature. We use Gerald pickups 
and Bovie electrocautery to carefully dissect 
through the external and internal spermatic fas- 
cias. The spermatic cord is secured under the 
operating surgeon’s index finger (usually standing 
on the contralateral side of the table), and the vas 
deferens with associated vessels is maneuvered 
medially. The edges of the external and internal 
spermatic fascia are secured medially and later- 
ally, thus exposing and flattening out the internal 
spermatic vessels. This exposure transforms the 
cord from a cylindrical, 3-dimensional structure 
to a more 2-dimensional configuration, facilitating 
identification of individual vessels. The dissection 
is carried out as proximally as possible to the 
external inguinal ring. 

The micro-Doppler is introduced to help locate 
the internal spermatic arteries before fine dissec- 
tion begins. We request that the anesthesiologist 
maintain the patient’s systolic blood pressure 
greater than 100 mm Hg to assist us in isolating 
an arterial Doppler signal and also to help us visu- 
alize subtle pulsations that indicate arterial flow. If 
there is the concern for vasospasm, we irrigate the 
field with lidocaine 1% solution. Other surgeons 
recommend papaverine (30 mg/mL) diluted in a 
1:5 ratio with saline to help dilate the arteries. '°° 
Once the artery is identified, care is taken to pro- 
tect it and reidentify it several times through the 
fine dissection to confirm preservation. All internal 
spermatic veins are ligated with 3-0 or 4-0 silk and 
divided, although some surgeons use surgical 
clips for venous occlusion. Any lymphatics are 
also identified and preserved. Dissection is then 
carried out through the cremasteric fibers, and 
any cremasteric arteries identified are also pre- 
served. All cremasteric veins are ligated and 
divided. The cord is repeatedly examined to 
ensure no other veins (other than those preserved 
in the vas deferens packet) are visualized. The in- 
ternal spermatic arteries are also reassessed 
with Doppler to ensure flow. 

At the completion of the varicocelectomy, the 
spermatic cord should have patency of only testic- 
ular and cremasteric arteries, lymphatics, and vas 
deferens with its associated vessels. After con- 
firming adequate hemostasis, the wound is irri- 
gated and the cord is returned to its orthotopic 
position. Scarpa and Camper fascia are closed 
with absorbable sutures, and the incision is infil- 
trated with a local anesthetic. The skin is closed 
with a running subcuticular closure and reinforced 
with Steri-strips, followed by a dry sterile dressing. 


Alternative Surgical Approaches 


The retroperitoneal approach, originally described 
by Palomo, 1° involves ligation of the internal sper- 
matic vein superior to the internal ring. The skin 
incision is made at the level of the internal ring 
medial of the anterior superior iliac spine, and 
dissection is carried out through the external and 
internal oblique fascia and muscles. The internal 
spermatic vein is visualized and then ligated and 
divided. A principle advantage of this technique 
is that it enables identification of the internal sper- 
matic vein before it extensively branches; a signif- 
icant disadvantage of this approach is that it does 
not allow access to the external spermatic veins, 
which have been shown to contribute to varico- 
celes.'® Furthermore, some patients may have 
more pain during the recovery period due to 
dissection of the abdominal musculature.°° 

The scrotal approach, addressed here for histor- 
ical reasons, is no longer favored because of its 
substantial rate of injury to the spermatic arteries 
and resultant testicular atrophy/loss.°° Although 
it can be performed under local anesthesia, this 
approach has an unacceptably high complication 
rate, which includes a 40% incidence of hydro- 
celes.'°* This technique is no longer considered 
a viable option for performing varicocelectomy. 

With advancements in minimally invasive sur- 
gery and the increasing familiarity that many 
urologists have with laparoscopy, laparoscopic 
varicocelectomy provides another mode of treat- 
ment. It is an intraperitoneal procedure, which 
has its own inherent risks, and involves high liga- 
tion of the spermatic vein. The procedure is similar 
to the open retroperitoneal approach in that 
external spermatic vessels are not identified and 
may put the patient at risk for varicocele per- 
sistence or recurrence. However, there is less 
postoperative pain and faster return to normal ac- 
tivities following laparoscopic surgery compared 
with the retroperitoneal technique. One additional 
advantage of the laparoscopic approach is that it 
enables bilateral ligations in an efficient and expe- 
ditious manner. Unilateral or bilateral varicocelec- 
tomy can also be executed resourcefully if a 
patient is undergoing another laparoscopic proce- 
dure at the same time. Overall, laparoscopy has 
been shown to be safe and efficacious when per- 
formed by experienced surgeons, although the 
incidence of postoperative hydrocele and varico- 
cele recurrences was higher than in microsurgical 
varicocelectomy. 109 


Percutaneous Venous Occlusion 


Embolization is considered a nonoperative ap- 
proach to varicocelectomy, and the technique 


has been described earlier in this article. The 
advantage of radiological venous embolization is 
quicker recuperative time and less pain. Success 
rates of varicocele treatment are slightly less 
than that of open surgery, with most large series 
ranging from 85% to 95%.'°%'°5 Complications 
can include vascular perforation, coil or balloon 
migration, and the risk of allergic contrast reac- 
tion.°° Furthermore, concern exists regarding radi- 
ation exposure and its potential effect on 
spermatogenesis in a population of subfertile men. 


TREATMENT OUTCOMES 


Most studies reporting efficacy data on varicoce- 
lectomy are nonrandomized retrospective ana- 
lyses and report improvements in semen 
parameters and fertility. Although their results 
are promising, they generally contain a diverse 
patient population with varied inclusion or exclu- 
sion criteria, inadequate study designs, and 
limited data on preoperative and postoperative 
parameters, all of which make a meta-analysis 
of the data challenging. Further, several studies 
suggest no benefit, especially with regards to 
pregnancy outcomes. '°°'°® To clarify this issue, 
the National Institutes of Health supported a 
multicenter randomized controlled trial on varico- 
cele repair to obtain better data on pregnancy 
and live birth rates. However, this trial was 
stopped after 2.5 years because of low recruit- 
ment (only 3 patients were randomized), reflecting 
the general unwillingness of most fertility-desiring 
couples to be placed in the placebo arm.'°° 

A review of the earlier literature in 1994 by 
Schlesinger and colleagues''® demonstrated an 
improvement in semen parameters after varicoce- 
lectomy in subfertile men. A recent meta-analysis 
by Agarwal and colleagues''' confirms this 
finding. Their inclusion criteria was stricter than 
previous meta-analyses; they included only 
studies with infertile men with clinically palpable 
unilateral or bilateral varicoceles, and at least one 
abnormal semen parameter who had undergoing 
surgical varicocelectomy, and insisted on at least 
3 semen analyses per patient. Seventeen studies 
were included, and the combined analysis demon- 
strated that sperm concentration increased by 
9.71 million/mL and motility increased by 9.92% 
after microsurgical varicocelectomy. After high- 
ligation varicocelectomy, the combined analysis 
revealed that sperm concentration increased by 
12.03 million/mL and motility increased by 
11.72%. Morphology increased by 3.16% with 
both approaches. In this thorough meta-analysis, 
these investigators have shown that surgical 
varicocelectomy is an effective treatment for 
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improving semen parameters of infertile men with 
a Clinically palpable varicocele. 

Despite these improvements, treatment of vari- 
coceles for fertility remains controversial. There is 
considerable variability with regards to pregnancy 
outcomes after varicocele repair in infertile cou- 
ples. A recent Cochrane review concluded that, 
although there is evidence suggesting that varico- 
cele repair may improve a couple’s chance of preg- 
nancy, the quality of available evidence is low. ''2 
Marmar and colleagues''® explored the efficacy 
of varicocelectomy with regards to spontaneous 
pregnancy. In their meta-analysis, which focused 
exclusively on pregnancy outcomes, they found 
that infertile men with a clinically palpable varico- 
cele were 2.63 to 2.87 times more likely to achieve 
a spontaneous pregnancy following surgical vari- 
cocelectomy compared with observation. 

A recent randomized controlled trial by Abdel- 
Meguid and colleagues''* corroborates this 
finding. A total of 145 infertile men with clinical var- 
icoceles were allocated in a one-to-one fashion 
to either an observation (control) arm or subingui- 
nal microsurgical varicocelectomy. There were 
no changes in the semen analysis in the control 
arm, but the treatment arm demonstrated signifi- 
cant improvements in sperm concentration, 
motility, and morphology. Moreover, patients in 
the treatment arm were 3.04 times more likely to 
achieve a spontaneous pregnancy compared 
with their counterparts. 

For patients with nonobstructive azoospermia, 
testicular sperm extraction coupled with in vitro 
fertilization and intracytoplasmic sperm injection 
is typically required for conception. Clinically 
palpable varicoceles are found in 4.3% to13.3% 
of men with azoospermia or severe oligozoosper- 
mia, and the role of varicocelectomy in these men 
has been controversial given the probability that 
these men may still be subfertile after the sur- 
gery.''° Weedin and colleagues’ conducted a 
meta-analysis on varicocele repair in this patient 
population using 11 publications during the past 
20 years. Their total patient population was 233 
men with azoospermia undergoing varicocelec- 
tomy, and 39.1% of them had motile sperm in 
the ejaculate after surgery. A total of 14 sponta- 
neous pregnancies were reported. However, 
testicular pathology was identified as a predictor 
of success; patients with maturation arrest 
(42.1%) or hypospermatogenesis (54.5%) were 
significantly more likely to benefit than patients 
with Sertoli-cell-only histopathology (11.3%, 
P<.001). Thus, these investigators advocate that, 
although varicocelectomy may have a role in non- 
obstructive azoospermia, histopathology should 
be considered before varicocele repair. 
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Even if the use of ART is inevitable, varicocele 
repair can augment the chance of a successful 
pregnancy. In a small series, the IUI success rate 
was higher after varicocele repair.''’ Esteves 
and colleagues''® evaluated the effect of varico- 
celectomy on intracytoplasmic sperm injection 
and found that infertile men undergoing varicoce- 
lectomy have an improved number of motile sperm 
and a decreased sperm defect score. In addition, 
they observed significantly higher clinical preg- 
nancy and live birth rates and a decreased miscar- 
riage rate in the varicocele-treated group. Thus, 
even in situations requiring some form of ART, 
treatment of clinical varicocele in men with mark- 
edly decreased semen quality increases the cou- 
ple’s ability to conceive. With improvement in 
semen parameters, varicocele repair may also 
enable some couples to undergo IUI before pro- 
ceeding to more advanced ART. 


VARICOCELECTOM Y IN 2034: WHAT DOES 
THE FUTURE HOLD? 


No one has a “crystal ball” or other tool to foresee 
the future, but that should not preclude one from 
considering the future and all of the possibilities 
that it might provide diagnostically and therapeuti- 
cally. Varicoceles are a highly prevalent condition, 
and it is known that, although some men suffer 
marked reproductive or endocrine impairment as 
a result, other patients remain unscathed. We 
envision that an additional 20 years of academic 
investigation and technical advances will afford 
us more “front end” tools to determine which pa- 
tients will be more susceptible to the pathophysi- 
ology caused by varicoceles and which patients 
will remain less adversely affected. As is the case 
in so many domains of medicine, there is likely a 
genetic component to these outcomes. Several in- 
vestigators are already working on sperm and 
seminal markers of susceptibility for damage 
wrought by varicoceles, and we suspect that in 
20 years we might be able to more effectively 
stratify patients for this risk based the basis of 
such clinical markers. Technically, further ad- 
vances in microsurgical optics and instrumenta- 
tion will surely come to pass. The incredible 
advances of the preceding 20 years have included 
increased precision in instrumentation, smaller 
Doppler probes with enhanced functionality, and 
more optimized microsurgical optics. Although 
some researchers are currently investigating the 
role of robotics in the setting of varicocelectomy, 
it is unclear how much, if any, technical advantage 
this approach affords in performing the procedure. 
In 20 years, this question will surely have been 
answered with greater clarity. 


Ultimately, the “holy grail’ of varicocele treat- 
ment would be a reliable, safe, specific, and effec- 
tive treatment that does not involve a surgical 
incision or percutaneous access of the great veins. 
These authors suspect that much more than 
20 years will need to pass for this “holy grail’ treat- 
ment to be realized. 
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KEY POINTS 


[Hormonal contraception has offered the most promising results with the greatest amount of clinical 
research. It will likely include a combination of androgen and a progesterone analogue with 
extended-interval depot injections and/or implants, although a tremendous amount of research 
is ongoing to develop alternative oral or transdermal formulations. 

[Jnhibition of the testicular retinoic acid pathway through existing agents such as WIN-18,466 or 
BMS-18943 seems to offer a viable, safe, and reversible mechanism for male contraception 


although more clinical work needs to be done. 


[dnterruption of the postepididymal extracellular eppin-semenogelin complex, either through proven 
immunologic methods or theoretic pharmacologic antagonists, has a promising safety and revers- 


ibility profile. 


INTRODUCTION 


Compared with female contraceptive methods, 
male alternatives are few and relatively underused. 
Currently, the only readily available methods of 
contraception for men include vasectomy, con- 
doms, and withdrawal. The first 2 methods ac- 
count for only 8.9% of global contraceptive use.‘ 
Surveys have demonstrated that nearly 80% of 
men believe contraception is a shared respon- 
sibility and globally more than 50% of men 
endorsed interest in an alternative male contracep- 
tive. These studies demonstrate an unmet need 
for alternative male contraception. This review dis- 
cusses currently available, soon to be available, 
and potential targets for male contraception. 


CURRENTLY AVAILABLE METHODS 
Condoms 


Reports of barrier methods date back to Imperial 
Rome; however, the first recorded descriptions of 
a condom were in the 16th century. For more 
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than 400 years, sheathlike barrier methods of 
contraception have been used to prevent infection 
and pregnancy. They have evolved from animal 
intestines to latex and polyurethane-based prod- 
ucts. Compared with other contraceptive methods, 
condoms offer low cost, ease of use, near absence 
of side effects, and reduction in transmission of 
sexually transmitted infections. Although the 
perfect-use failure rate of condoms is 2% in 1 year 
of use,° with actual use, the failure rate is 17% 
per year. The relatively high failure rate, coital- 
dependent slippage, and perceived reduction in 
pleasure are common reasons for lack of use. 
Because of their safety and ability to protect against 
sexually transmitted infections, condoms are likely 
to remain the recommended method for young 
men who have not fathered children and are not in 
a stable monogamous relationship. 


Vasectomy 


Vasectomy was first described in the early nine- 


teenth century in the United Kingdom as a 
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procedure first performed on dogs.’ It first came 
into clinical practice in the late nineteenth century 
as a treatment of prostatic enlargement as an 
alternative to castration, and enjoyed moderate 
popularity as such®® until it was realized that it 
offered no benefit in this regard. It was then used 
in the treatment of postprostatectomy epididy- 
moorchitis and it was not until the 1970s that 
routine vasectomies stopped being performed 
with prostatectomies. Oschner'® first suggested 
vasectomy as a contraceptive method, not, how- 
ever, for elective purposes but rather as a eugenic 
procedure and an alternative to castration for 
“criminals, degenerates and perverts.” For the first 
half of the twentieth century, vasectomy was a 
popular means of eugenic sterilization in the 
United States and in Europe. In the second half 
of the twentieth century, as eugenic vasectomy 
fell out of favor, elective vasectomy became 
increasingly more popular in the United States 
and globally. 

Compared with elective female sterilization 
(laparoscopic tubal ligation or transcervical hys- 
teroscopic methods), vasectomy is underused. 
Globally, 5 times as many female sterilizations 
are performed as vasectomies despite being 
associated with increased morbidity and mortal- 
ity, higher cost, and increased use of general 
anesthesia.'' In the United States, nearly 3 times 
as many couples elect to have tubal sterilization 
compared with vasectomy. '*'° In addition, there 
are distinct ethnic and socioeconomic differences 
among those who elect to have male or female 
sterilization. Vasectomy is most common in non- 
Hispanic whites (17.4% ) with a college education 
(16.7% compared with 3.0% among those 
without a high school diploma), whereas tubal 
sterilization is most common in non-Hispanic 
blacks (32.7%) and those without a high school 
education (36.4% compared with 13.0% of 
college-educated women). 

It is estimated that between 175,000 and 
550,000 vasectomies are performed annually. 1415 
It is a highly effective procedure with failure rates 
typically less than 1%.'° In the United States, 
most vasectomies are performed by urologists 
as an outpatient procedure under local anes- 
thesia. '° Although vasectomy reversal procedures 
exist and are practiced regularly by specialists, 
vasectomy is intended to be a permanent form 
of contraception. Vasectomy requires a postop- 
erative period of alternative contraception until 
azoospermia is documented. The most common 
side effects include a 1% to 2% incidence of 
symptomatic hematoma, a 3.4% incidence of 
infections, and a 15% to 52% incidence of chronic 
scrotal pain.” However, a recent prospective 


study of 625 men followed at 7 months found 
that 15% had some degree of scrotal pain and 
only 0.04% had pain severe enough to affect qual- 
ity of life. '® 

Although the procedure is by no means novel, 
there are multiple variations in technical ap- 
proaches, such as no-scalpel vasectomy and 
other minimally invasive approaches versus 
scalpel vasectomy. Incisions may be singular 
and midline or bilateral. Perivasal fascia may be 
interposed between the 2 cut segments or not. 
Cautery may be mucosal, intraluminal, extended 
nondivisional, or not used at all. The testicular 
end may be left open in an attempt to minimize 
chronic pain or closed to reduce recanalization 
or failure. Ligation of the ends may be preformed 
with clips or suture. The 2012 American Urological 
Association guidelines on vasectomies found that 
the evidence studying the effectiveness of these 
technical variations is limited and only grade C 
evidence exists.'° However, the expert opinion 
was that as long as the procedure is performed 
through a minimally invasive approach, such as 
no-scalpel vasectomy or with a small (<10 mm) 
incision using specialized instruments for vasal 
isolation, uses mucosal cautery and fascial inter- 
position when the open testicular end is opted 
for, virtually all of the technical variations have 
documented approximately less than 1% failure 
rate and are acceptable as long as the surgeon 
has a similarly acceptable failure rate. 


HORM ONAL 


By far the most widely studied form of male 
contraception that currently remains unavailable 
is hormonal contraception. Known since the 
1930s'° and actively pursued since the 1970s, 
male hormonal contraception is analogous to 
female hormonal contraception, working primarily 
through inhibition of the hypothalamic-pituitary- 
gonadal axis. Sometimes called pretesticular 
contraception, hormonal contraception inhibits 
spermatogenesis by inhibiting release of pituitary 
luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH), thereby decreasing intratesticular 
testosterone levels. Because viable sperm can 
exist for up to 8 weeks after production, there is 
a delay of several months before sufficient oligo- 
spermia or azoospermia is achieved, during which 
alternative contraception must be used. This sup- 
pressive effect of testosterone on spermatogen- 
esis can be augmented by the addition of 
progesterone analogues and GnRH antagonists. 
Numerous formulations of testosterone in various 
injectable, implantable, transdermal, or oral forms, 
along with their modulators in different iterations of 
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doses and frequencies have been studied and [EHave no short-term or long-term toxic side 
published. In developing an alternative male con- effects 

traceptive, an ideal agent should have the [Have no impact on the eventual offspring 
following parameters fulfilled, as outlined by Nies- [Rapidly effective and fully reversible 

chlag and colleagues”° (Fig. 1): [More effective than condoms 


[=Wpplied independent of the sexual act Pure Androgen 


[EAcceptable for both partners ———— a _aa._EE= 
[Not interference with libido, potency, and sex- High-dose testosterone depot injections alone, 
ual activity for the purpose of achieving azoospermia, have 


TTS/LNG n=11 


A B 4 8 12 16 20 24 28 32 36 44 52 


Study week 
EE Azoospermia C) Sperm concentration > 3 mill/mL 


[== Sperm concentration <1 mill/mL Ha Sperm concentration 1 - 3 mill/mL 


Fig. 1. Effectiveness of various testosterone (T) and progestin combinationsin termsof suppression of spermato- 
genesis. LNG, levonorgestrel; NETA, noresthisterone acetate; NETE, noresthisterone enanthate intramuscular; TTS, 
transdermal T; TU, Tundecanoate intramuscular. (From Nieschlag E, Zitzmann M, Kamischke A. Use of progestins 
in male contraception. Aeroids 2003;68:968; with permission.) 
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been studied extensively since the 1970s. Unfortu- 
nately, most oral testosterone formulations have 
either poor bioavailability or hepatic toxicity and 
exogenous administration currently requires depot 
injections, implants, or transdermal gels to achieve 
consistent levels without frequent dosing several 
times a day.2**° 

Two large, multinational, multicenter studies 
sponsored by the World Health Organization 
published in the 1990s showed that 200 mg intra- 
muscular injections of testosterone enanthate (TE) 
every week produced azoospermia in 65% of men 
after 4 months with 0-0.8 pregnancies per 100 
person-years and oligospermia (defined as <3 
million sperm/mL) in all but 2.2% with associated 
pregnancy rates of 8.1 per 100 person-years.7*7° 
The combined failure rate of the regimen was 1.4 
pregnancies per 100 person-years, comparable 
with the female contraceptive pill, and improved 
with increasing severity of azoospermia. Although 
less than 3 million sperm/mL was seen as suffi- 
ciently adequate compared with currently avail- 
able methods, oligospermia of less than 1 million 
sperm was seen as ideal. 

This regimen was largely well tolerated with 
minimal reversible side effects seen in a quarter 
of the subjects (weight gain, acne, increased ag- 
gressiveness and libido, hypertension, depression, 
tiredness, decrease in testicular volume, increase 
in hemoglobin, and decrease in high-density lipo- 
protein [HDL]). Largely, the failure in 2% of patients 
to achieve sufficient oligospermia and the inconve- 
nience of weekly injections along with side effects 
leading to high attrition rates in the studies were 
seen as the major disadvantages of this regimen. 
Some of the side effects seen in these studies 
were believed to be caused by the unstable phar- 
macokinetics of early preparations of testosterone 
leading to the use of testosterone undecanoate 
(TU) in later studies, which can be administered 
every 1 to 2 months. 


Ethnic Differences 


One of the important findings of these studies was 
an increased effectiveness in East-Asian popula- 
tions with lower sterilization rates seen in whites 
after exogenous testosterone administration. This 
led to the oft-quoted figure of one-third of whites 
not responding to testosterone alone. The reasons 
for this are uncertain and may be related to differ- 
ences observed between these groups in terms of 
cultural acceptance, general adiposity, testicular 
parenchymal weight, testosterone production rates, 
sex-hormone binding globulin affinity, 5a-reductase 
activity levels, prevalence of certain polymorphisms 
of the uridine diphosphoglucuronosyl transferase 


(UDGT) gene responsible for hepatic glucuronida- 
tion of testosterone, the number of CAG or GGC re- 
peats at the N-terminus of the androgen receptor 
affecting affinity for testosterone, or suppressibility 
of LH.7° 

Certain practical features of this ethnic differ- 
ence have been noted, such as the observations 
that addition of progestins closes the gap?” and 
that Asian men recover faster after withdrawal of 
exogenous testosterone.° In addition, it has un- 
dermined certain uncontrolled studies in East 
Asia that found high efficacy rates in combined 
progestin and androgen regimens in that the 
added benefit of the progestin and applicability 
to white populations was uncertain given the 
known difference in response.7° 

Studies of monthly injectable TU in Chinese men 
have been promising. A recent study of 1045 men 
found effective suppression to the level of less 
than 1 million sperm/mL in 94% of men with a 
pregnancy rate of 1.1 per 100 men after 2 years 
of study and 1554.1 person-years of exposure.°° 
The most common side effects were acne, severe 
cough after injection, mood or behavior changes, 
and incomplete recovery of testicular volume in 
28% of men at the end of the 12-month recovery 
phase. Theoretically, this dosing interval could be 
further extended to 10 to 14 weeks if castor oil 
were used as a solvent rather than tea seed oil,’ 
further adding to patient satisfaction. Although 
these results are promising, this regimen is unlikely 
to be as effective in white groups based on the 
findings from the large multinational World Health 
Organization (WHO) studies. 


Testosterone 1 Progestin 


The addition of progesterone derivatives (called pro- 
gestins or progestagens) to testosterone increases 
the rates of spermatogenesis inhibition by further in- 
hibiting pituitary production of gonadotropins and 
possibly acting directly on germ cells.°* Progestins 
alone may be sufficient for inhibiting spermatogen- 
esis; however, without exogenous testosterone, a 
hypogonadal state would be induced with its resul- 
tant undesirable side effects. Together, progestins 
and testosterone have synergistic effects, affording 
a lower dose of testosterone to achieve sufficient 
suppression of spermatogenesis and achieve it in 
a shorter time than testosterone alone.*° The lower 
doses of testosterone required with concomitant 
progesterone more closely approximates a eugona- 
dal state. This is important because the high doses 
required for spermatogenesis inhibition in the 
testosterone-only regimens may actually support 
spermatogenesis in nonresponders by maintaining 
intratesticular testosterone levels.°* 


Various progestins have been combined with 
testosterone including cyproterone acetate, levo- 
norgestrel, desogestrel, etonogestrel, norethister- 
one enanthate, medroxyprogesterone acetate, 
and depot medroxyprogesterone acetate 
(DMPA).?22327.33-37 As progestins may be formu- 
lated in effective oral, injectable, implantable or 
transdermal forms, testosterone remains the 
limiting agent with regard to bioavailable formulation 
when the 2 are combined. Progestins can have 
proandrogenic (norethisterone) or antiandrogenic 
(cyproterone) activity, resulting in increased weight 
gain, lower HDL levels, lower sex-hormone binding 
globulin levels. They may also promote proinflam- 
matory cytokines that are linked to adverse cardio- 
vascular events,°° leading to a preferred practice 
of giving only the minimal necessary dose. 

Bebb and colleagues** randomized 36 patients 
to 100 mg of weekly intramuscular TE alone or 
TE with daily oral levonorgestrel and found that 
96% of the combined group achieved oligosper- 
mia (defined as <3 million sperm/mL) on average 
in 9 weeks and 5 weeks faster than with TE alone. 
This regimen was well tolerated with comparable 
rates of weight gain, acne, and decrease in HDL 
between the 2 groups. 

In another promising study by Kamischke and 
colleagues,°° the dosing interval was spread out 
to every 6 weeks of intramuscular 1000 mg TU 
with concomitant depot injections of norethister- 
one enanthate. With this regimen, 13/14 patients 
achieved azoospermia with only 1 having insuffi- 
cient oligospermia of 10 million/mL. Azoospermia 
was achieved on average by 8 weeks. This re- 
gimen was also well tolerated with several volun- 
teers experiencing mild acne, mild nocturnal 
sweating, and a maximum reversible weight gain 
of 3.7 kg. 

The TU/NET-EN study was the most recent 
multinational WHO study on combined depot 
injections of TU and norethisterone enanthate 
every 2 months. The study was stopped prema- 
turely and results are soon to be published.*° 
Patients were enrolled from 2008 to 2010 and the 
study was discontinued by the review panel in 
2011 for concerns of depression, other mood 
changes, increase in sexual desire, and pain at 
the injection site at higher rates than expected. 
In addition, 2 serious adverse events were judged 
to be either possibly or probably related to 
the study regimen but the specifics are unavailable 
for scrutiny at this time. By April 2011, 321 
men were enrolled, 110 of whom completed the 
12-month efficacy phase and 103 of whom were 
completing the recovery phase. The regimen was 
reportedly efficacious with few pregnancies 
reported; however, because of the previously 
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mentioned concerns and early termination, it is 
unlikely that this regimen will be further developed 
Clinically. 


Oral Testosterone 


Oral TU with progesterone has been studied for 
the purposes of male contraception and was 
reported as early as 1980.414? These early studies 
demonstrated suppression of spermatogenesis, 
but not to levels sufficient for infertility. Current 
regimens still require dosing 2 to 3 times a day, 
making it inconvenient for contraceptive pur- 
poses.*° In 1 small cohort of 8 men taking oral 
TU with oral cyproterone acetate, oligospermia of 
less than 3 million sperm/mL and azoospermia 
was achieved in 75% of men; however, a revers- 
ible 1 g/dL decrease in hemoglobin level was 
seen as well.** This induced mild anemia was 
believed to be caused by the antiandrogenic prop- 
erty of cyproterone acetate, making it fall out of 
favor relative to the other progestins. Perhaps 
with future developments and improved pharma- 
cokinetics, male oral contraception may show 
more promise. 


Implants 


Crystalline testosterone pellet formulations have 
been around for more than 70 years and were 
largely outside clinical focus.*° With the goal 
of achieving steady levels of testosterone with 
zero-order release kinetics, these testosterone 
implants were rediscovered and investigated for 
contraceptive purposes.*°*’ The pellets are 
made of fused crystalline testosterone and in- 
jected subdermally under local anesthesia into 
the abdominal wall and dissolve without need for 
removal. They provide the benefit of administration 
at intervals of up to 6 months apart. Occasionally, 
they can extrude from the injection site although 
this occurs relatively infrequently and improves 
with operator experience.*® 

Handelsman and colleagues*® demonstrated 
severe oligospermia of less than 1 million sperm/ 
mL or azoospermia in 9/9 patients after 2 months 
after 1200 mg of testosterone-only pellet. This 
small study was done after the first large WHO- 
sponsored study but before the second in which 
severe oligospermia of less than 3 million sperm/ 
mL was found to have acceptable pregnancy 
rates. As a result, Handelsman’s goal was azoo- 
spermia, making their rate of 56% seem inade- 
quate. In a follow-up study, they achieved similar 
results at a lower dose of 800 mg testosterone 
only, but when DMPA was added, azoospermia 
was produced in 9 of 10 men, with severe oligo- 
spermia in the remaining man.*’ Recovery was 
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seen at 7 months after implant and 2 extrusion ep- 
isodes occurred in 30 administrations. In yet 
another study with repeated dosing of this regimen 
every 4 months in 55 men for 12 months, no preg- 
nancies were seen over the 35.5 person-years 
studied.** Only 2 of 55 men did not achieve azoo- 
spermia and did not enter the efficacy phase. They 
experienced a fairly high attrition rate of 49% but 
did not attribute this to medical reasons or intoler- 
ance of the formulation but rather an absence of a 
financial incentive strong enough to offset the 
inconvenience of study participation. In another in- 
stallment in this series of studies, the addition of 
implantable estradiol at 10 mg or 20 mg was found 
to add insignificant rates of azoospermia and had 
unacceptable side effects of androgen deficiency 
and estrogen excess.’ 

A separate series of studies by Martin and col- 
leagues°° of 31 men given 300 mg of testosterone 
implants with varying doses of oral desogestrel 
over 8 weeks found no significant adverse meta- 
bolic or behavioral effects. Although their objec- 
tive was primarily to study the hormonal and 
metabolic effects of this regimen, they were able 
to demonstrate azoospermia and oligospermia 
with 300 ng of desogestrel in 10 of 10 patients at 
8 weeks. 

Given the historical difference in spermatogen- 
esis suppression between white and Asian men, 
Kinniburgh and colleagues?” compared daily oral 
desonogestrel at 150 or 300 ng with 400 mg testos- 
terone pellet implants every 12 weeks between 2 
cohorts in Edinburgh, Scotland (n 5 30) and 
Shanghai, China (n 5 36). There were slight differ- 
ences between the 2 in the rate at which severe oli- 
gospermia was achieved but overall, each cohort 
achieved azoospermia with 300 ng desonogestrel 
by 24 weeks with 90% achieving it by 16 weeks. 
Paradoxically, the white cohort achieved azoo- 
spermia faster and at the lower dose of desono- 
gestrel. The regimen was well tolerated with 
single individuals experiencing labile mood, wors- 
ening acne, hypertension, pellet discomfort, and 
weight gain, and 2 men experienced pellet 
expulsion. 

Kinniburgh and colleagues?’ also demonstrated 
no added benefit of the 5a-reductase inhibitor 
finasteride to spermatogenesis inhibition with a re- 
gimen of 150 ng desonogestrel (a known submax- 
imal dose) with 400 mg implantable testosterone. 
The rationale behind that study was that some of 
the nonresponders may have increased intrates- 
ticular testosterone levels being converted to 
the more powerful androgen dihydrotestosterone 
(DHT) by 5a-reductase and supporting spermato- 
genesis. However, finasteride and other 5a-reduc- 
tase inhibitors have no action on testosterone 


directly and thus any intratesticular testosterone 
present may still support spermatogenesis. In 
addition, intratesticular testosterone levels may in- 
crease as a result of finasteride, counteracting any 
reduction in DHT. In yet another follow-up study, 
efficacy of implantable testosterone was also 
demonstrated with etonogestrel implants.°? Single 
etonogestrel implants may be effective for up to 
3 years in women, however, 3 pellets at a time 
were required to achieve sufficient azoospermia. 
One of 9 men did not sustain azoospermia after 
40 weeks, raising the question of relative durability 
of the etonogestrel implants, which need to be 
removed surgically. 


Transdermal 


With the intention of facilitating patient autonomy 
and allowing — self-administration (or user- 
independent administration), several groups have 
studied transdermal formulations of testosterone 
for contraceptive purposes. Historically, these 
studies have not been promising, even with the 
addition of a progestin because of low serum levels 
insufficient for LH and FSH suppression.” 54 
Guerin and Rollet?” achieved azoospermia with 
testosterone gel and oral norethisterone acetate 
in 12 of 12 volunteers but this was not a durable 
response and by 3 months the average count 
was more than 3 million sperm/mL. 

Several recent proof-of-concept studies of test- 
osterone gels combined with either progesterone 
monthly depot injections or gels have been able 
to achieve severe oligospermia of less than 1 million 
sperm/mL in approximately 90% in moderate- 
sized cohorts.°°:°° Ilani and colleagues°° achieved 
this with a nonandrogenic progestin nestoron gel 
with testosterone gel in 99 patients at around 
22 weeks and azoospermia in 78% of patients. 
This regimen was fairly well tolerated with no 
severe adverse events and only side effects of 
mild-to-moderate acne in 21% and headaches in 
17%, with the remaining side effects occurring 
infrequently. 

Page and colleagues”? achieved this using 
testosterone gel with DMPA every 3 months in 38 
men. Although they did not report any azoospermia, 
they found the addition of the injectable GnRH 
antagonist acyline to progesterone and testos- 
terone had no improvement. This regimen was 
also fairly well tolerated but had a high incidence 
of mild acne (26 of 38 men)as had been seen in pre- 
vious studies. The primary consideration of testos- 
terone gel is the avoidance of contact with the 
applied area to female partners and other persons 
shortly after application because of concern for 
androgenization. 


Addition of GnRH Antagonists 


Gonadotropin-releasing hormone (GnRH) anta- 
gonists compete with endogenous GnRH but do 
not activate pituitary receptors and thereby inhibit 
production and release of FSH and LH. In addition, 
GnRH agonists have similar effects when given 
in a nonpulsatile continuous fashion but have 
proved to be ineffective in demonstrating durable 
suppression of spermatogenesis and blunt the 
suppressive effects of androgens.°’ °° 

Similar to progestins, GnRH antagonists have 
synergy when combined with testosterone in 
inhibiting spermatogenesis. Several antagonists 
have been studied in combination with andro- 
gens such as Nal-Glu, acyline, cetrorelix, and 
abarelix. 

Bagatell and colleagues® found no increased 
efficacy of daily subcutaneous injections of Nal- 
Glu to weekly 200 mg intramuscular injections of 
TE in a study of 22 men. This is not a surprising 
finding considering that the same dose of TE alone 
had already been found to be relatively efficacious 
in previous studies.2*° In a follow-up study of 15 
men, the same group found that Nal-Glu combined 
with TE was an effective induction agent for 
contraception with weekly low (100 mg) intramus- 
cular TE injections as maintenance for 20 weeks 
with a failure rate of 6.7% .°' 

Another small study of 6 men induced with 
cetrorelix and maintained on intramuscular injec- 
tions of the selective androgen 19-nortestosterone 
hexyloxyphenylpropionate (19-NT-HPP) every 
3 weeks did not show durable spermatogenesis 
suppression.°* This was believed to be partly 
due to the nonaromatizable property of 19-NT, 
which eliminated the suppressive effects that 
estradiol has on LH and FSH release seen with 
testosterone-based regimens. 

Although further developments of GnRH/ 
androgen combinations are expected, the dis- 
advantages of GnRH antagonists include their 
relatively frequent local skin reactions, and cost. 
These may improve with future developments 
and do not constitute a reason for abandoning 
further efforts. 


7a-Methyl-19-Nortestosterone 


7a-Methyl-19-nortestosterone (MENT) is a potent 
synthetic androgen resistant to 5a-reductase but 
sensitive to aromatase. MENT is classified as a 
selective androgen receptor modulator (SARM), a 
class of drugs currently under early development. 
SARMs are of particular interest, not only because 
of a potentially favorable side effect profile but also 
because a particular subclass of SARMs called 
nonsteroidal SARMs exist in oral formulations 
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that may make male hormonal contraception 
more appealing to a broader group of men.°° 
MENT’s properties make it an appealing agent 
for its minimal effects on prostatic hypertrophy as 
well increased potency for spermatogenesis 
inhibition. MENT has already demonstrated effi- 
cacy in small studies as a solitary agent in an 
implantable form for up to 1 year.°* However, 
further development is needed as a recent study 
demonstrated inferiority when combined with 
implantable etonogestrel compared with an im- 
plantable testosterone and etonogestrel combina- 
tion with regard to rate of azoospermia and 
durability of severe oligospermia.°° This was be- 
lieved to be caused by inadequate release of 
MENT from the currently manufactured implants 
and follow-up studies are expected in the near 
future on improved implants.°° 


Overview of Hormonal Contraceptives 


A meta-analysis of 1549 men who underwent 
1283.5 man-years of treatment and 705-man- 
years of recovery showed a median time to re- 
covery of 20 million sperm/mL of 3.4 months and 
100% recovered within 24 months.2° As can be 
expected, longer-acting preparations, such as 
TU orimplants, were associated with longer recov- 
ery and the opposite for shorter-acting agents 
such as transdermal, TE, or oral formulations. A 
follow-up meta-analysis confirmed that addition 
of progesterone increases the rate and extent of 
spermatogenesis suppression, recommending 
its addition to any hormonal regimen.°” 

Although most men do not experience loss of 
testicular volume, a reversible loss of 4 to 5 mL 
is not uncommon.® Alterations in mood such as 
irritability, depression, lability, or libido changes 
have been reported in less than 1% °° to 73% of 
men.°° Clearly, the preliminary news of the TU/ 
NET-EN study being prematurely terminated at 
least partially due to a greater than expected 
incidence of effects on mood and libido is con- 
cerning. However, until final reports are published, 
it is difficult to draw any conclusions, especially 
when previous reports have been generally 
favorable. 

Effects on lipids have been variable with gener- 
ally decreased lipids either isolated to HDL or total 
lipids or increased total lipids or low-density lipo- 
protein, alternating between being proatheroscler- 
otic or antiatherosclerotic.°® This is also balanced 
by an increased percentage of lean body mass 
with lower body fat. Overall, the effects of testos- 
terone on cardiovascular health are not known, 
with conflicting literature suggesting that the ef- 
fects are likely negligible. ”° 
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Relatively common complaints pertaining to 
acne or night sweats may be bothersome to some 
individuals and should not be a deterrent to use. 
In a large-scale study of 1045 men, 7% reported 
acne but none withdrew because of it.°° Other 
dermatologic complaints such as skin irritation or 
injection site tenderness may be more concerning 
and are limited to the route of administration. 

Exogenous testosterone does not increase the 
risk of prostate hyperplasia and carcinoma, parti- 
cularly when attempting to achieve a eugonadal 
state.’° However, in a patient with known prostate 
hypertrophy or carcinoma, it would be reasonable 
to avoid these agents until further data are 
gathered. 

Studies attempting to predict responders from 
nonresponders by measuring changes in FSH 
and LH have not been able to differentiate the 
two. This point has also been rendered moot 
with the high efficacy rates under regimens using 
supplemental progestin analogues. 


NONHORM ONAL CONTRACEPTION 


Nonhormonal male contraception has been in 
development for as long as hormonal contracep- 
tion but with less clinical success. Conceptually, 
it is appealing for the theoretic lack of systemic 
side effects seen with hormonal contraception. 
Unfortunately, less development has taken place 
than with hormonal contraception and most 
agents have been plagued by side effects, rever- 
sibility, and efficacy issues, leading to few phase 
2 or 3 studies. 


Pharmacologic 


Gossypol 

Gossypol is a phenolic compound derived from the 
cotton plant. It may be second to hormonal con- 
traception in the volume of published literature 
including phase 3 trials of more than 8000 sub- 
jects.’'-’2 It has been studied for its male-specific 
antifertility effects since the 1970s’° and is believed 
to work by inhibiting spermatogenesis and sperm 
motility. Although highly efficacious in 90%,” it 
has exhibited a narrow therapeutic range with a 
frequent association with hypokalemia, a 1% inci- 
dence of periodic paralysis, and a 5% to 50% inci- 
dence of irreversible sterility. Despite numerous 
attempts at chemical modification and purification 
of gossypol, it has been all but disqualified from 
further clinical development for contraceptive 
purposes. 4 


Triptolide 
Triptolide is derived from the Chinese herb Tryp- 
terigium wilfordii and belongs to the class of 


chemicals called diterpene epoxides. Having 
been used for medicinal and insecticide purposes 
for centuries, it gained attention for its infertility 
effects in the 1980s.’° As an orally administered 
agent, triptolide impairs sperm motility and has 
been shown to decrease epididymal sperm counts 
at the posttesticular level.”®77 It was incidentally 
found in studies of patients with rheumatoid 
arthritis where it was studied for its immunosup- 
pressive effects. ’° Unfortunately, prolonged expo- 
sure was associated with irreversible inhibition 
of spermatogenesis and further studies as a 
contraceptive have been all but abandoned.°*:’” 


Indenopyridines 

Indenopyridines have been shown to inhibit sper- 
matogenesis in several animal studies since the 
1970s.’° They are believed to affect Sertoli cells 
and recent primate studies of I-CDB-4022 es- 
pecially have been promising.°° Concerns about 
indenopyridines have centered on Sertoli cell tox- 
icity and irreversibility, which was seen in rat 
models. I-CDB-4022, as a newer formulation, may 
have a more favorable profile but further studies 
are needed to evaluate its safety and efficacy. 


Lonidamine derivates 
Lonidamine, initially studied for its anticancer 
properties, was found to be antispermatogenic in 
the 1970s.°' Side effects of muscular pain, testic- 
ular pain, vomiting, and liver damage halted further 
development; however, its less toxic derivatives 
adjudin and gamendazole were also investigated 
and developed for contraceptive purposes. 
Adjudin, formerly called AF-2364, was discov- 
ered in the early 2000s.°* It works primarily 
through disruption of the adhesion between sper- 
matids and Sertoli cells causing premature sper- 
miation. Because of the localized effect and 
absence of toxicity to Sertoli cells, this agent has 
drawn significant attention. By disrupting the 
sperm-Sertoli cell junction, the developing sperm 
are depleted but without toxicity or affecting FSH 
or LH levels, thereby maintaining future fertility. 
This site of action is also called the apical ecto- 
plasmic specialization (apical ES). Although initial 
studies were promising with no detectable toxicity 
and 100% efficacy, in extended studies, 3 of 10 
male rats treated with daily adjudin for 29 days 
developed minimal liver inflammation and skeletal 
muscle atrophy.°° No female rats displayed any 
adverse effects. This prompted a series of studies 
pairing adjudin with FSH to lower the effective 
dose as FSH receptors in men are only found in 
the Sertoli cells. This lowered the minimum dose 
necessary but proved to be too costly and active 


efforts are underway to continue to lower the 
effective dose required.°' 

Gamendazole was another product of the search 
for a less toxic lonidamine derivative. Although 
effective at well below toxic doses, gamendazole 
was irreversible in 43% of rats treated with the 
dose required to produce 100% infertility.°¢ 

CDB-4022 is an indenopyridine that also has 
shown effectiveness in nonhuman primate models 
in disrupting the Sertoli cell-germ cell junctions.®° 
Unlike gamendazole, reversibility was readily 
achieved at effective doses and it was well toler- 
ated overall with no observable adverse effects. 

The lonidamine derivatives are an exciting new 
class of drugs for male contraception because of 
their selective activity at the Sertoli cell-germ cell 
junction, near complete absence of systemic ef- 
fects, oral dosing with potential for extended 
dosing intervals, and reversibility. 


Testicular retinoic acid inhibition 

Vitamin A (retinol or retinoic acid) was first found to 
be essential to spermatogenesis when Wolbach 
and Howe® demonstrated the devastating effects 
its absence had on the testes in 1925 when they 
deprived rats of dietary vitamin A. Through studies 
of genetically manipulated mice and rats, the signif- 
icance of retinoic acid and its receptor in spermato- 
genesis was elucidated and several promising 
male contraceptive agents working in this pathway 
have been studied. 

WIN 18,446 is a potent bisdichloroacetyl 
diamine (BDAD) known to have selective and re- 
versible inhibition of spermatogenesis since the 
1960s.°°.8” In a study of 9 men, orally adminis- 
tered WIN 18,446 twice daily for 23 weeks, sperm 
counts were decreased to 0 to 4 million/mL within 
8 to 11 weeks.” To our knowledge, this is the only 
reported clinical study of WIN 18,446 in humans; it 
was subsequently abandoned because of reports 
of disulfiram effects. Heller and colleagues?” 
made no mention of a disulfiram reaction and 
the only reported complaint was related to gas 
and bloating. Regardless, interest in this agent 
has been renewed and modern studies have 
found that WIN 18,446 inhibits testicular retinoic 
acid synthesis from retinol through inhibition of 
the testis-specific acetaldehyde dehydrogenase 
ALDH1a2.°° Blockade of this pathway results in 
a hormone-independent suppression of sper- 
matogenesis while preserving normal testos- 
terone levels and a eugonadal state. It is thought 
that WIN 18,446 also inhibits ALDH2 causing the 
disulfiram effect and that a more refined agent 
with selectivity for testicular ALDH1a2 would not 
cause the reported undesirable effects of WIN 
18,446. In any event, repeat modern clinical 
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studies of WIN 18,446 are warranted given its 
favorable safety profile. 

Inhibition of testicular retinoic acid production 
results in decreased expression of the cytoplasmic 
factor Stra8 (stimulated by retinoic acid gene 8), 
which inhibits the entry of the spermatogonia into 
meiosis and thereby inhibits spermatogen- 
esis.°°:°° This effect can be reversed simply by ad- 
ministering retinoic acid.°' In addition, Stra8 may 
become a future pharmacologic target for male 
contraception. 

Besides inhibition of testicular retinoic acid pro- 
duction, advancements have been made in selec- 
tive inhibition of nuclear retinoic acid receptors 
(RAR). BMS (Bristol-Meyers-Squibb)}-189453 is 
an arotinoid oral RAR antagonist. Unlike WIN 
18,446, which works by depleting testicular reti- 
noic acid and takes up to 16 weeks to produce 
azoospermia, BMS-189453 has a faster onset of 
1 month with durable effects for 4 months after 
dosing.°*:° Although low doses are effective at in- 
hibiting spermatogenesis, high doses in rats are 
associated with toxicity and death with effects 
mimicking vitamin A toxicity or excessive retinoid 
agonists.°* A repeat efficacy study in rats demon- 
strated 100% efficacy with no discernible side 
effects at low doses with almost total reversibility 
based on histologic appearance.°° 


Calcium channel blockers 

Calcium has long been known to be important to 
sperm motility. However, before the discovery of 
CatSper (cation channels of sperm) in 2001, little 
was actually known about sperm calcium regu- 
lation.°* Before this discovery, the effects of 
nifedipine, verapamil, and other calcium channel 
blockers on sperm motility were debated and 
reported on primarily through anecdotal or ob- 
servational studies.°°°° Although numerous CatS- 
per knock-out mice studies exist,2”°° little work 
has been done on developing CatSper blockers 
or antagonists. Carlson and colleagues’? reported 
on a candidate CatSper blocker, HC-056456, 
with promising in vitro results. Li and colleagues '°° 
were able to decrease mouse pregnancy rates to 
12.5% by immunizing male mice with extracellular 
epitopes of CatSper. Although CatSper under- 
standing is in its infancy, its blockers offer a prom- 
ising mechanism for future contraceptive agents. 


Sperm Na*/H* exchanger 

Similar to CatSper, a novel class of sperm-specific 
Na?/H+ exchangers (SNHE) has been identified 
and found to be crucial to regulation of the intracel- 
lular pH of spermatozoa. 1°1:1°2? Mice with inacti- 
vated sNHEs produced morphologically normal 
sperm with impaired motility resulting in infertility. 
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Further work needs to done on SNHE blockers, but 
current data allows for optimism about the possi- 
bility of these agents. 


Inhibitors of glycosphingolipid synthesis 
Miglustat, or N-butyldeoxynojirimycin (NB-DNJ), is 
an alkylated imino sugar that inhibits ceramide- 
specific glucosyltransferase. It is approved for 
the treatment of type | Gaucher disease, which 
results in excess glycosphingolipids. Oral admin- 
istration of NB-DNJ in mice has demonstrated sig- 
nificant, reversible infertility in a dose-responsive 
pattern producing morphologically abnormal 
sperm with impaired motility'°° and ultimately oli- 
gospermia. '°* Unfortunately, in a small pilot study 
of 7 men over 6 weeks, miglustat had no discern- 
ible effect on sperm concentration, motility, or 
morphology despite attaining comparable serum 
levels.'°° Possibilities for the discordant findings 
are that there is a species-specific response, 
6 weeks was insufficient to detect a significant dif- 
ference in spermatogenesis, or the dose was 
insufficient. Although it may seem tempting to 
use an agent already approved by the US Food 
and Drug Administration, further work needs to 
be done to demonstrate efficacy in humans before 
miglustat is seen as a potential male 
contraceptive. 


Bromodomain BRDT inhibitor (JQ1) 

The latest class of agents to find usefulness as 
male contraceptives are the inhibitors of the 
testis-specific protein BRDT. BRDT functions to 
reorganize hyperacetylated histones through 
recognition modules called bromodomains. Male 
mice with selective mutation of BRDT were found 
to have isolated infertility.'°° In a study of healthy 
men with idiopathic oligospermia or azoospermia, 
single nucleotide polymorphisms associated with 
the BRDT gene were found to be a significantly 
associated factor.” BRDT is activated at the 
onset of meiosis of spermatocytes, '°° making it a 
desirable target of reversible infertility. 

JQ1 is an orally bioavailable triazolothieno- 
diazepine, related to benzodiazepines, and is the 
first BRDT inhibitor. In mice, its administration 
results in impaired spermatogenesis, reduced 
sperm motility, and decreased testicular volume, 
mimicking the features of BRDT mutated mice. '°° 
These effects are reversible and have no discern- 
ible hormonal or other systemic effects. 


Thermal 


Although spermatogenesis is negatively affected 
by temperature increases, heating the scrotum 0.8 
to 1.06 with thermal supports or underwear alone 
is not a reliable mechanism for contraception. ''° 


However, in a recent study, the addition of scrotal 
submersion in a 43"€ water bath for 30 minutes 
per day for 6 days was found to accelerate oligo- 
spermia when combined with TU injections every 
6 weeks but not to the extent of TU combined 
with oral levonorgestrel and never to contraceptive 
levels of less than 1 million sperm/mL.''' Perhaps 
future studies will find other contraceptive regi- 
mens, hormonal or otherwise, that are enhanced 
or activated by the addition of heat. 


Ultrasound 


Ultrasound application for male contraceptive 
purposes has many appealing conceptual fea- 
tures. First, ultrasound machines are relatively 
inexpensive and widely available. Second, ultra- 
sound works locally with no systemic effects 
and, third, it would be appealing to those who 
are averse to taking medications regularly. In the 
1970s, a series of experiments by Fahim demon- 
strated reversible inhibition of spermatogenesis 
with ultrasound.''*-''* However, subsequent ef- 
forts to reproduce or study ultrasound-mediated 
male contraception were not promising. 11118 Re- 
cently, Tsuruta and colleagues''’ revisited this 
concept attempting to reproduce Fahim’s results 
while characterizing and optimizing the ultrasound 
application. They demonstrated a depletion of rat 
epididymal sperm reserves within 2 weeks of treat- 
ment. VandeVoort''® studied 4 monkeys using 
slightly higher settings and demonstrated de- 
creased sperm count and motility and reversibility. 

The mechanism of action is uncertain and may 
be a combined effect of localized tissue heating 
combined with an additional ultrasound-mediated 
local phenomenon. Treatments are administered 
by placing the scrotum in a water bath within the 
beam filed of an ultrasound transducer. Tsuruta 
and colleagues''’ used a treatment time of 15 
minutes and interval of 2 days between treatments, 
whereas Vandevoort''® used a treatment time of 
30 minutes and a similar interval of every 2 days 
for 3 treatments. 


Vasal Occlusion/Interruption 


Intravas device 

Vasectomy alternatives with higher rates of re- 
versal have been sought out since the 1960s. ''° 
To this end, a class of implants named intravas de- 
vices (IVD) was developed. A group in China has 
developed a urethane device filled with nylon 
thread that blocks sperm but allows the passage 
of fluid and is inserted through a small scrotal inci- 
sion identical to that used for vasectomy. In a ran- 
domized control study of 288 patients comparing 
no-scalpel vasectomy to this device, both groups 


tolerated the procedure well. °? However, statisti- 
Cally insignificant inferiority was seen with the de- 
vice with a contraceptive success rate of 94.3% 
at 12 months compared with 98.6% for the vasec- 
tomy group. Reversal was not studied. 

Another group in China developed a nano-SiO>- 
copper polymer composite IVD and studied the ef- 
fect in 8 dogs over 12 months. 1?! After 3 months, 
no motile sperm were seen and no obvious dam- 
age was seen to the testes, epididymis, or vas, his- 
tologically suggesting that fertility was preserved 
and the potential for reversibility was high. In a 
follow-up study, the same group evaluated the 
same device in dogs and rabbits randomly as- 
signed to vasectomy, sham procedure, IVD, or 
reversal for 12 months. 1?? Reversal success was 
measured with birth rates in rabbits, which were 
60% for the device reversal but only 80% for the 
sham reversal, suggesting perhaps an inadequate 
recovery period, which was not stated. 


Reversible inhibition of sperm under guidance 
Reversible inhibition of sperm under guidance 
(RISUG) is the trademark name of an injectable 
contraceptive technique developed in the 
1970s.'*° RISUG involves injection of styrene 
maleic anhydride (SMA) dissolved in dimethyl sulf- 
oxide (DMSO)into the vas under direct visualization 
through a small incision. A nonsclerosing porous 
polymer then forms and disrupts the sperm cell 
membranes as they traverse the vas, producing 
damaged, nonviable sperm. Primarily developed 
in India, several phase 2 studies have demon- 
strated efficacy of RISUG. 1?4125 In these studies, 
men attained azoospermia within 1 to 4 months 
and over 6 months no pregnancies were reported. 

In achieving reversal of RISUG, clearly noninva- 
sive methods are preferable to a repeat surgery. In 
a study of 9 monkeys treated with RISUG for 
3 months, 100% reversibility was achieved using 
a progressive percutaneous method of squeezing 
the vas toward the inguinal canal, application of 
electrical stimulation, and digital rectal massage 
over the ampullary segment of the vas. '2° 

In a study of monkeys 1.5 years after RISUG in- 
jection, testicular biopsies demonstrated focal 
changes consistent with vasal occlusion with 
damage to the seminiferous epithelium; however, 
most of the testicle showed active and viable sper- 
matogenesis and this was believed to be due to 
oxidative stress and not from occlusive pres- 
sure. 1?” Sperm viability and reversibility were eval- 
uated in a later study that showed equivalent 
reversal to shorter trials. 17° 

In a rat study, Lohiya and colleagues?’ demon- 
strated 100% fertility 3 months after reversal of 
RISUG with DMSO directly injected into the vas 
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under visualization. In a follow-up study, the 
same group showed no evidence of DNA damage 
in a group of similarly treated rats. 13° 

RISUG is currently being evaluated in preclinical 
trials under the trademark name Vasalgel in the 
United States.1°1132 Although the proof of princi- 
ple has been established with intravasal injection 
of SMA polymer and the results have been prom- 
ising, significant evaluation still remains to be 
done with larger multicenter clinical trials. Con- 
cerns regarding intravasal SMA center primarily 
on the teratogenic effects they may have on sperm 
and reversibility. This method may ultimately be 
advertised primarily as a vasectomy alternative 
with higher rates of reversibility but not as high 
as an ideal reversible contraceptive. 


Immunologic 


The development of vaccines against sperm 
or their components has been studied since the 
1930s.'°° Female animal studies in the 1950s, 
1960s, and 1970s showed effective induced infer- 
tility when inoculated with varied sperm pre- 
parations. 134137 These crude formulations also 
caused early termination of pregnancy leading 
to concern about birth abnormalities. Similar to 
other nonhormonal contraceptive methods, immu- 
nologic induction of infertility offers the promise 
of localized action and absence of systemic ef- 
fects. Up to 60% of men develop antisperm anti- 
bodies after vasectomy without any clinical 
effects except a lower probability of success after 
vasectomy reversal. 198 

Primakoff and colleagues? demonstrated ef- 
fective and reversible infertility in both male and fe- 
male guinea pigs immunized with sperm plasma 
and inner acrosomal membrane protein PH-20. 
However, PH-20 immunization is associated with 
orchitis and little development has taken place 
since the initial proof-of-principle study. 14° 

Eppin (epididymal protease inhibitor) is a protein 
expressed in the testis and epididymis only. It 
forms a complex on ejaculated spermatozoa with 
the major seminal vesicle protein semenogelin 
and is believed to protect the sperm from microbes 
and proteolysis and to facilitate sperm motility. 141 
In addition, eppin facilitates the cleavage of seme- 
nogelin by prostate-specific antigen (PSA) result- 
ing in liquefaction of the coagulum and facilitating 
spermatozoal motility. 1f? In 1 primate study, injec- 
tions of eppin into male monkeys every 3 weeks 
produced infertility in 78% with measurably high 
antieppin antibody titers.'*° Seventy-one percent 
of those monkeys recovered fertility after cessation 
of immunizations. Recovery and nonresponsive- 
ness were associated with low titers, suggesting 
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a direct reversible immunologic contraceptive 
mechanism. It is thought that the antieppin 
antibody-eppin complex that forms on sperma- 
tozoa is equivalent to the eppin-semenogelin com- 
plex with regard to intracellular signaling; however, 
it is not cleaved by PSA like the native complex 
and, as a result, motility is impaired.'** Through 
mechanisms that remain unknown, this complex 
keeps the intracellular calcium levels low in sperm 
and prevents capacitation. '*° Clearly, substitution 
of unpredictable biological inhibition achieved with 
immunization of the eppin-semenogelin complex 
for a pharmacologic compound would be more 
favorable as it would provide more precise regula- 
tion with less variability. Efforts are already under- 
way to generate a recombinant semenogelin 
that would perform the same task as the 
antieppin antibodies without requiring immune 
activation. 140147 


SUMMARY 


Despite not a single new male contraceptive being 
brought to the market since the advent of vasec- 
tomy, a tremendous amount of research has 
been done in the field. Occasionally, these agents 
have brought devastatingly disappointing find- 
ings, side effects, incomplete efficacy, or irrevers- 
ibility, and nearly all require further development. 
But pharmaceutical financial investment in devel- 
oping agents has all but been abandoned since 
2006.148 Current efforts rely on nonprofit organiza- 
tions and charities such as the WHO, Population 
Council, and Parsemus Foundation despite evi- 
dence that a strong market exists for alternative 
male contraception. 49:19 However, even 
these endowments are dwindling. In a recent 
communication with Tsuruta, the Gates Foun- 
dation had recently withdrawn further support 
on ultrasound-based male contraception in an 
effort to focus efforts on female contraceptive 
measures. The attention and narrative of male 
contraception needs to change from witty head- 
lines about the possibility of a male pill to an 
acceptance of these as viable alternatives. 
Hormonal contraceptives in the form of a paren- 
terally administered androgen and progesterone 
with extended dosing intervals are at the forefront 
of upcoming options. Many more promising 
agents such as adjudin, CBD-4022, WIN 18,446, 
eppin antagonists, BMS-189453, JQ1, CatSper 
blockers, SNHE blockers, and RISUG offer prom- 
ising alternatives to the few options currently 
available to men. The prolonged period of relative 
male contraceptive unavailability may have beena 
blessing in disguise in that it has spurred the 
development of many promising alternatives. 


Had an alternative agent been brought to market 
long ago, it may have dominated like the female 
hormonal contraceptive and suppressed investi- 
gation of improved and refined alternative agents. 
With time, it is to be hoped that these agents will 
come to market, decreasing the contraceptive 
burden on women and help avoid unplanned 
pregnancies. 


FUTURE PERSPECTIVES 


We believe that in 20 years, men will share a 
greater portion of contraceptive responsibilities. 
The decades spent on research and development 
will potentially offer a greater variety of options 
ranging from surgical, mechanical, or pharma- 
cologic than those currently available. With the 
progressive miniaturization of electronics, it seems 
conceivable that a small electronic cuff could 
be surgically implanted around the vasa that con- 
stricts or releases via external wireless signaling. 
This could offer easy reversibility in the event it is 
either poorly tolerated or fertility is desired. Ulti- 
mately, more than most if not all aspects of medi- 
cine, contraceptive use is driven by the patient 
consumer. 
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KEY POINTS 


[ $perm morphology Evaluation of male 


[Semen analysis provides important information on fertility potential, specifically testicular function 
(ie, sperm production), proper functioning of genital tract accessory glands, and ejaculatory 


capability. 


[EA physical examination and thorough medical history evaluation, combined with the results of 
laboratory semen assessment, provide important information for the clinician to formulate a 


treatment regimen for the infertile man. 


[=Arguably, all that is required is to establish whether normal motile sperm are present in the 
ejaculate. It is common practice to use assisted reproduction, specifically intrauterine insemination 


even with a severely low sperm count. 


EST here have been no changes in the methodology for traditional semen analysis since the 1950s 
when andrology was first coined as a term for the study of male fertility. 
[Molecular evaluation of the causes of male infertility is likely the most promising advance in assess- 


ing male infertility. 


INTRODUCTION 


Infertility is generally defined as 1 year of unpro- 
tected intercourse without a conception, with 
approximately 15% to 20% of couples presenting 
to their physician with such a complaint. Of these, 
30% to 40% can be attributed to an identifiable 
male factor, 30% to 40% to female factors, and 
the remaining 20% to a combination of both male 
and female factors.’ Although many couples 
may present with an obvious and identifiable cause 
for the subfertility, many present with unexplained 
reasons for the delay in conception. Traditional 
semen analysis is the first test used to evaluate 
the male partner. This article discusses the basics 
of semen analysis, interpretation of the results, 
and thoughts on future advances in evaluation of 
male infertility. 
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INITIAL ASSESSM ENT 


Evaluation of the man begins with a thorough history 
and physical examination, and proceeds to labora- 
tory examination. 1? It is important to correlate past 
history with the results of semen analysis because a 
person’s medical history might affect the results of 
the semen analysis and hence, fertility potential. 
Important considerations include past exposures 
to chemicals, heavy metals, pesticides, extreme 
heat (Specifically the workplace environment as 
well as recreational activities, such as frequency 
of hot tubs and use of a heated waterbed). Recrea- 
tional drug use, as well as prescription medications, 
history of sexually transmitted infections, and other 
communicable diseases, genital infections, and 
genital injuries as well as past fertility history must 
be taken into consideration when evaluating the 
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male partner. The quality of the semen specimen, 
and hence the analysis, depend on controllable 
conditions, such as the method of semen collection, 
collection of the complete ejaculate, and absti- 
nence period, as well as conditions that cannot be 
changed, such as testicular sperm production, 
accessory gland secretions, and recent febrile 
illness. A thorough physical examination, particu- 
larly a genital examination supplements the past 
medical and fertility history and allows the physician 
to proceed with the laboratory examination. 1? 


LABORATORY EXAMINATION 


The male fertility examination involves at least 2 to 3 
semen analyses, preferably with an interval of 3 to 
4 weeks between each analysis. It is virtually 
impossible to characterize the quality of a semen 
specimen based on a single semen analysis.° Ex- 
amination of multiple semen specimens can at least 
control for the well-known intraindividual variations 
seen in semen composition. The standard semen 
analysis cannot predict fertility, but can provide 
important clinical information on fertility potential, 
specifically testicular function (ie, sperm produc- 
tion), proper functioning of genital tract accessory 
glands, and ejaculatory capability.°° 

The standard semen analysis assesses qualita- 
tive parameters such as semen color and consis- 
tency, as well as quantitative parameters including 
semen volume, sperm count and total concentra- 
tion, sperm motility and forward progression or 
quality of progression, and sperm morphology 
(Box 1). The presence of contaminating debris, 


Box 1 

Qualitative semen assessment versus 
quantitative semen assessment 
Qualitative Semen Assessment 

1. Semen appearance and color 

2. Semen liquefaction 

3. Semen viscosity 


Quantitative Semen Analysis 
1. Semen volume 


2. Wet mount dide for assessing sperm motility 
and quality of progression; estimation of 
sperm concentration, presence of debris, 
bacteria, and cell contamination 


. Determination of sperm count (millions/mL) 


4. Determination of percentage of motile 
sperm 


. Preparation of side for sperm morphology 
(smear, fix, and stain) 


bacteria, and leukocytes is also evaluated by light 
microscopic examination. 


INTERPRETATION OF SEMEN ANALYSIS 


Table 1 shows the current reference ranges for 
semen parameters. These values are taken from 
the most current issue of the World Health Organi- 
zation (WHO) manual published in 2010, which 
uses reference ranges and reference limits. These 
data? were obtained from fertile men whose part- 
ners had a time to pregnancy of 12 months or 
less. Raw data from 400 to 1900 semen samples 
from 8 countries were used to generate these 
ranges. Previous versions of the WHO manual 
listed reference values as normal and abnormal. 
WHO 2010° a range or spectrum of semen param- 
eters rather then absolute normal or abnormal 
values, and the major semen parameters have a 
lower threshold for the fertile population than in 
previous versions. Recently, Murray and col- 
leagues’ suggested that with this lower threshold 
value for the fertile population, fewer men may 
be referred for evaluation and treatment. Based 
on the results of the semen analysis, a man would 
be placed into 1 of the WHO sequential centiles 
(2.5th to 97.5th).”° The clinician, however, must 
consider the results of the physical examination 
and medical history assessment when diagnosing 
and treating the infertile man. The clinical history 
and infertility timeline remain the most important 
aspects that define infertility for each individual 
couple.’ Niederberger® further states that a man 
cannot be just placed into the context of the 
WHO reference ranges, and deemed infertile or 


Table 1 
Reference limits (5th centiles and 95% 
confidence limits) for semen parameters 


Reference Limit 


1.5 (1.4-1.7) 
39 (33-46) 


Parameter 


Semen volume (mL) 
Total sperm number 


(million/ejaculate) 


Sperm concentration 
(millions/mL) 


Total motility (%) 

Progressive motility (%) 

Vitality (live 
spermatozoa; %) 


Sperm morphology 
(normal forms; %) 


15 (12-16) 


40 (38-42) 
32 (31-34) 
58 (55-63) 


4 (3.0-4.0) 


Data from World Health Organization. WHO laboratory 
manual for the examination of human semen and 
sperm-cervical mucus interaction. 5th edition. Geneva 
(Switzerland): World Health Organization; 2010. 


fertile based on the reference ranges; all of the 
data are “subject to interpretation in the context 
of the (entire) clinical picture.” 

What does the semen analysis really tell the 
clinician? How many spermatozoa need to be pro- 
duced in the testicle to appear in the ejaculate, that 
is, what is the threshold for sperm to appear in 
the ejaculate: 10, 100, 1000 sperm in the testicle, 
for 1 or 10 or 100 to appear in the semen? With 
the advent of assisted reproductive technologies, 
particularly intracytoplasmic sperm injection 
(ICSI), the numbers of normal sperm only need to 
equal the number of oocytes retrieved and 
cultured in vitro. 

Semen analysis is arguably one of the most 
misunderstood tests, and unfortunately, except 
in cases of complete absence of sperm in the 
semen, the power of the semen analysis to predict 
male fertility is poor (www.theturekclinic.com). 
Further evaluation and treatment is more clearly 
defined for the group of men who are outside the 
WHO reference range in the infertile group.”® 
Although the usefulness of comprehensive semen 
analysis and sperm function testing may be in 
question, arguably all that is required is to estab- 
lish whether normal motile sperm are present in 
the ejaculate. 

Assuming that the evaluation of the woman is 
normal (patent Fallopian tubes, normal ovulatory 
cycles), the clinician can always try cycles of artifi- 
cial insemination, particularly intrauterine insemi- 
nation (IUI) if there are sufficient numbers of 
sperm in the semen, and if not successful, move 
on to the more expensive and more invasive 
in vitro fertilization (IVF) and ICSI. Furthermore, 
IUI is often chosen in place of advanced male 
testing or treatment. Admittedly, this is most likely 
because the treatment is often driven by the repro- 
ductive endocrinologist who may in fact defer 
referral to a urologist or andrologist, and elect to 
proceed with assisted reproduction. Unfortu- 
nately, with the control of the evaluation of the 
infertile couple in the hands of the reproductive 
endocrinologist, the hold of the andrology labora- 
tory may be tenuous. 

In a recent nonscientific survey? of 150 national 
and international respondents, 95% use basic 
semen analysis and no sperm function testing for 
evaluation of the male partner. More than 55% 
would recommend IUI as long as there are suffi- 
cient motile sperm, with 27% setting 5 million 
motile sperm as sufficient, 22% at 6 to 10 million, 
and 21% at 10 to 15 million. Twenty-six percent 
required at least 15 million motile sperm for IUI, 
whereas 9% perform IUI with greater than 1 million, 
and 8.3% perform IUI if the count was less than 5 
million. Thus, as long as there are motile sperm, 


Semen Assessment 


IUI is admittedly the first line of treatment in an 
attempt to achieve a pregnancy (Boxes 2 and 3). 


FUTURE CONSIDERATIONS: A LOOK TO YEAR 
2040 AND BEYOND 


Since the introduction of the term andrology by 
gynecologist Harald Siebke in 1951,'°-'? develop- 
ments in the diagnosis and treatment of the infer- 
tile man have remained stagnant.'* The basic 
semen analysis has been performed for more 
than 60 years and yet, the value of the traditional 
semen analysis as well as advanced analytical 
methods have been questioned in the diagnosis, 
treatment, and prognosis of the subfertile man. ' 
This is likely a result of incomplete understanding 
of the clinical information provided by a semen 
analysis, as well as inadequate methods for the 
analysis itself. 

Other than the introduction of computer-assisted 
semen analysis (CASA) in the late 1980s, '°''© there 
have been no changes in the laboratory methodol- 
ogy for semen assessment. Quality control and 
quality assurance have improved with mandated 
compliance with the Clinical Laboratory Improve- 
ment Amendment of 1988.17 The traditional semen 
analysis, qualitative and quantitative light micro- 
scopic methodology, remains the same as reported 
in the earlier WHO manuals of 1987 and 1992. 

Will the future bring changes or improvements in 
andrology for the diagnosis and treatment of the 
man? There most likely will be new and novel 
molecular diagnostic methods for previously 


Box 2 
Treatment options 


We only need to know sperm count and motility 

- why? 

1. Medical treatment of male infertility is 
unlikely 


. With a good history and potentially lifestyle 
changes, a relatively successful decision tree 
can be made if there are motile sperm 


. Couples will proceed through IUI first; it is 
easy, noninvasive, has adequate success 
rates, and insurance coverage is likely 


We need to know more: possibly use advanced 
sperm function testing 
1. The clinician needs to be able to give an- 


swers to the couple and optimize the treat- 
ment available for individual patients 


. The clinician should treat where there is 
possible treatment 
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Box 3 
Diagnostic and treatment sequence 


1. Treat with 6 cycles of IUI 
a. 2-3 natural cycles of IUI 
b. 3-6 IUI cycles with ovulation induction 
2. IVF/ICSI 
3. Donor sperm 
4. Donor oocytes 


undiagnosed causes of male infertility. Most likely 
these will border on additional chromosomal de- 
fects, including sperm DNA defects. 

Couples are faced with overwhelming financial 
and emotional costs of infertility.'° How far are 
they willing to take their quest to achieve a preg- 
nancy? Unless the costs are reduced, the testing 
easy to accomplish with causative answers and 
treatment options with high probability of success, 
couples will most likely elect to proceed with assis- 
ted reproduction. If IVF/ICSI is not successful, cou- 
ples will undoubtedly continue to choose donor 
gametes to achieve a pregnancy. Yet, inherent in 
the choice of means to conceive, will be recogni- 
tion of infertility as a disease and the necessity for 
changes in medical insurance coverage for avail- 
able testing and treatment options. 

The future of stem cell treatments of infertility 
are probably the most exciting advancement on 
the horizon. The discovery and use of both embry- 
onic and adult pluripotent stem cells have revolu- 
tionized regenerative medicine. '**' In the future, 
it is possible that transplant of stem cells into 
an adult may result in production of male and 
female gametes. Successful transplantation of 
spermatogonial stem cells into adults with result- 
ing spermatogenesis is not far off. More recent 
discoveries of the genetic basis of male infertility 
may result in future gene therapies to cure certain, 
or all, types of male infertility. As much as 80% of 
all male infertility has a genetic basis,'° and thus 
may lend itself to specific gene therapies in the 
embryo or even in the adult, such as insertion of 
deleted genes. Novel approaches to the diagnosis 
of male infertility will undoubtedly lead to new 
treatments in the future. Although traditional 
semen analysis will still be the cornerstone of 
andrology, a brave new world in male fertility 
treatment is on the horizon. 
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KEY POINTS 


[Btate-of-the-art techniques of sperm preparation for assisted reproductive technologies (ART) aim 
to select sperm with the best functional capacity to produce pregnancy and, subsequently, healthy 
offspring. 

[Each of the currently used sperm selection methods has specific advantages and disadvantages 
with respect to safety, feasibility, and sperm yield. 

[The potential for improved ART outcomes following the use of advanced sperm selection methods 
must be weighed against the increases in processing time, technical expertise, and cost associated 
with these technologies and the possible damage to sperm from prolonged exposure to nonphy- 
siologic conditions. 

[Future approaches may allow for the selection of sperm based on sperm DNA integrity or the 


degree of aneuploidy or apoptosis. 


INTRODUCTION 


Modern assisted reproductive technologies (ART) 
have dramatically advanced the treatment of 
both male and female factor infertility. Since the 
birth of Louise Brown in 1978, more than 5 million 
babies have been born with the help of these tech- 
nologies. Within the United States, the use of ART 
has doubled over the past decade; according to 
current estimates from the US Centers for Disease 
Control and Prevention, more than 1% of infants 
are conceived using ART." 

The successes of assisted reproduction would 
not be possible without concurrent advances in 
the laboratory identification, manipulation, and 
preparation of spermatozoa for use with intrauterine 
insemination (IUI), in vitro fertilization (IVF), and 
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intracytoplasmic sperm injection (ICSI). The diag- 
nostic semen analysis remains the cornerstone for 
the assessment of overall semen quality. However, 
individual semen parameters, such as motility and 
morphology, are unable to reliably identify the 
best-quality sperm for use with ART. Instead, sperm 
selection strategies have come to rely increasingly 
on the assessment of sperm function and sperm 
fertilization potential in order to optimize sperm 
quality and improve ART outcomes. 

Early sperm preparation methods were nonse- 
lective and comprised 1 or 2 simple washings, fol- 
lowed by resuspension of the male germ cells.” 
Mahadevan and Baker? then described a single 
wash followed by a swim-up procedure from the 
cell pellet, a simple and classic technique that 
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continues to be used today. However, as the 
indications for ART have evolved from primarily 
gynecologic conditions to increasingly include an- 
drological diagnoses, andrological research has 
attempted to better understand sperm physiology 
and develop more sophisticated techniques to 
identify motile and functionally competent sper- 
matozoa for use with ART. 

This article reviews the most common conven- 
tional and advanced sperm identification and 
preparation methods in use today and discusses 
their advantages and disadvantages regarding 
modern ART. The techniques to improve sperm 
functions in vitro are also discussed. 


MODERN ERA OF ART 


When Leeuwenhoek* and Hamm first discovered 
spermatozoa in 1677, they were thought to be par- 
asites of the male genital tract. Their role in fertiliza- 
tion and reproduction was not appreciated until the 
nineteenth century, following the discovery of the 
mammalian oocyte in 1827 and the observation of 
mammalian fertilization in 1875.° 

Despite an imperfect understanding of sperm 
function and biology, the first successful attempts 
at artificial insemination in humans were performed 
as early as the 1780s, using crude and untreated 
semen samples.° The development of IVF required 
an understanding of sperm capacitation and the 
ability to reproduce this physiologic change 
in vitro using appropriate sperm incubation condi- 
tions.”® Human IVF was introduced in 1969,7 with a 
successful birth reported less than a decade later.’ 
Normal sperm-oocyte interactions, however, were 
the limiting factor for the success rate of IVF. The 
development of direct ICSI in 1992'° overcame 
this limitation and greatly enhanced the treatment 
of infertile couples. 


PRINCIPLES OF SPERM SELECTION 


The female reproductive tract naturally separates 
the best-quality spermatozoa for oocyte fertiliza- 
tion via a stringent selection process. Of the 
millions of sperm deposited into the vagina at 
ejaculation, only about 10.0% enter the cervix, 
1.0% makes it to the uterus, and 0.1% into the fal- 
lopian tube. Eventually, of the 1000 to 10,000 
spermatozoa that reach the cumulus-oocyte com- 
plex, only one fertilizes the egg."' 

The advent of ART necessitated the develop- 
ment of in vitro techniques for the identification 
and preparation of spermatozoa for fertilization. 
Because ART bypasses the natural selection pro- 
cesses taking place at various levels of the female 
reproductive tract, sperm selection strategies can 


significantly impact the quality of spermatozoa 
used for ART and, in turn, influence reproductive 
outcomes. 

In the early era of ART, the primary focus of 
sperm separation techniques was to obtain motile 
spermatozoa. As experience with ART evolved, 
this focus shifted to the isolation of functional sper- 
matozoa, dictated by the observations that func- 
tional sperm parameters correlate with the results 
of fertilization in vitro.'* Conventional techniques 
to separate sperm from seminal plasma are based 
on motility, adhesion, and filtration characteristics, 
without regard to the functional competence or 
genetic quality of sperm. Use of the selected sperm 
may, therefore, result in impaired embryo develop- 
ment, pregnancy loss, or other health problems in 
the offspring, despite acceptable fertilization and 
pregnancy rates. In contrast, advanced sperm 
selection methods aim to identify the most func- 
tional spermatozoa for oocyte fertilization, with 
the ultimate goal of safeguarding the health of the 
progeny rather than just achieving pregnancy. 

Some investigators have suggested that the 
principles of sperm selection in vitro should, to the 
extent possible, mimic the natural selection pro- 
cesses that occur in the female reproductive tract. 1? 
Additionally, the ideal sperm selection technique 
should be quick, easy, nontoxic, and cost- 
effective to perform. It should permit the separation 
of sperm from bacteria, leukocytes, and toxic sub- 
stances like reactive oxygen species while main- 
taining the normal physiologic characteristics of 
the selected sperm and maximizing the yield of 
viable, motile sperm. Unfortunately, no presently 
available sperm selection technique displays all of 
these characteristics. 


CONVENTIONAL SPERM SELECTION 
METHODS 


Conventional techniques for the separation of 
spermatozoa from seminal plasma can be broadly 
categorized as techniques based on migration, 
density gradient centrifugation (DGC), and filtra- 
tion. Their goal is to obtain an optimal yield of 
normal motile spermatozoa for use with ART. 
Each of these techniques has distinct advantages 
and disadvantages, which should be considered in 
light of the quality of the semen samples being 
processed. 


Sperm Washing 


The simplest semen processing technique, sperm 
washing, removes seminal plasma and concen- 
trates the specimen into a small volume. This tech- 
nique is performed by mixing the semen with 
media, centrifuging the specimen, discarding the 
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supernatant, repeating these steps, and ending 
with resuspending the pellet in the final desired 
volume of media. Sperm washing removes the 
seminal plasma but does not separate the sperm 
from other cells within the semen. In addition, 
both motile and nonmotile sperm are retained. 
The overall sperm yield using this method is 
approximately 50%, which is higher than most 
more-sophisticated techniques. Because it is sim- 
ple and quick, it is one of the most common tech- 
niques used for IUI. However, this method does 
not separate sperm based on quality or functional 
capacity. 


Migration Techniques 


Migration methods rely on the presence of motile 
spermatozoa within the semen sample. The classic 
swim-up procedure described by Mahadevan and 
Baker? and the migration-sedimentation proce- 
dure described by Tea and colleagues'® are both 
examples of migration techniques. In the swim- 
up procedure, liquefied semen is centrifuged to 
generate a cell pellet. Following an incubation 
period of approximately 60 minutes, motile sperm 
migrate from this pellet into supernatant medium, 
from where they are collected. The swim-up proce- 
dure remains the oldest and most commonly 
used sperm preparation method currently in use. 
Although its application for male factor infertility is 
limited, its use for couples with normozoospermia 
and female factor infertility is standard. '* The pri- 
mary advantage of this method is the yield of a 
very high proportion (>90%) of morphologically 
normal motile sperm, without other cells or cellular 
debris. However, the absolute yield of sperm is low 
because many potentially motile spermatozoa in 
the lower levels of the pellet never reach the inter- 
face with the overlying culture medium. Addi- 
tionally, pelleting of spermatozoa forces contact 
between spermatozoa, cellular debris, and leuko- 
cytes, which are known to produce high levels of 
reactive oxygen species (ROS) that can be 
damaging to sperm. 

The migration-sedimentation procedure de- 
scribed by Tea and colleagues? combines the 
swim-up procedure with an additional sedimenta- 
tion step and requires a special glass or plastic 
tube with an inner cone. Spermatozoa swim up 
directly from liquefied semen into supernatant me- 
dium and subsequently sediment in the inner cone. 
The lack of a centrifugation step in this method 
reduces the exposure of sperm to ROS compared 
with the conventional swim-up procedure. Another 
advantage of migration-sedimentation over the 
swim-up procedure is that it selects for normally 
chromatic condensed spermatozoa, a parameter 


that is predictive of fertilization in vitro.'° Unfortu- 
nately, the yield of motile spermatozoa is low, 
limiting the utility of this method for IVF. ‘4 


DGC 


DGC relies on sperm motility as well as the prop- 
erty of sperm to collect at the border between 
liquid phases. Either a continuous or discontin- 
uous density gradient is created by layering media 
in the order of density, with the densest layer at the 
bottom and the least dense layer at the top. When 
asemen sample is placed on the upper-most layer 
and centrifuged, any debris, round cells, nonmotile 
and poor-quality sperm remain in the upper layers, 
while motile sperm migrate to and concentrate in 
the bottom layer. Like the classic swim-up proce- 
dure, DGC yields a clean fraction of highly motile 
spermatozoa. Additionally, it can be used for 
semen samples with very low sperm density be- 
cause it uses the entire volume of an ejaculated 
semen sample. '* However, DGC is more laborious 
than the swim-up procedure, owing in large part to 
the setup of a good-density gradient. 


Filtration 


Filtration methods rely on sperm motility and the 
propensity of sperm to adhere to filtration matrices. 
Glass wool filtration is the most commonly used 
filtration technique, in which motile spermatozoa 
are separated from immotile cells by movement 
through densely packed glass wool fibers. The 
type of glass wool used has been shown to impact 
the success of this method.'° Like DGC, glass wool 
filtration uses the entire volume of the ejaculate, 
thereby providing a good yield of motile spermato- 
zoa, even in the setting of oligospermia or astheno- 
zoospermia. '’ However, the filtrate is typically not 
as Clean as with other sperm preparation methods. 
Glass wool filtration effectively eliminates up to 90% 
of leukocytes, which, in turn, reduces ROS and 
ROS-induced damage to sperm. Glass wool filtra- 
tion significantly selects for normally chromatic 
condensed sperm, which may be important for opti- 
mizing the outcomes of assisted reproduction. 

Over the years, various other filtration methods, 
such as glass beads, cross-linked dextran col- 
umns, and micropore membranes, were introduced 
for the separation of motile sperm. However, 
sooner or later these fell out of favor because of 
either safety concerns or a low yield of motile 
sperm. '* 

A Cochrane Database systematic review of 
reproductive outcomes in subfertile couples un- 
dergoing IUI using either swim-up, gradient, or 
wash-and-centrifugation semen preparation tech- 
niques demonstrated no difference in pregnancy 
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and miscarriage rates, regardless of the technique 
used.'® Unfortunately, none of the randomized 
controlled trials included in this meta-analysis re- 
ported live births as a primary outcome. Neverthe- 
less, in the absence of any evidence to identify one 
sperm selection technique as being superior to 
another, the choice of the technique used should 
be dictated by the quality of the ejaculate and 
the desired postprocessing yield of spermatozoa. 

As previously mentioned, limitations of conven- 
tional sperm selection methods include the 
inability to assess sperm functional status and 
fertilization potential, both of which are important 
for IVF and ICSI. Several advanced sperm selec- 
tion methods have, therefore, been developed in 
an effort to better identify the best-quality func- 
tional sperm for assisted reproduction. 


ADVANCED SPERM SELECTION METHODS 


Advanced strategies for the selection of sperm for 
ART, especially IVF and ICSI, include methods 
based on sperm maturity, sperm ultramorphology, 
sperm surface electrical charge, and the separation 
of apoptotic from nonapoptotic sperm. Like the 
conventional techniques described earlier, these 
advanced techniques also have specific advan- 
tages and disadvantages with respect to safety, 
feasibility, and yield. It follows that the choice of 
methods used for the selection and preparation of 
sperm must be tailored to the type of ART being 
used and the quality of the sperm sample at hand. 


Sperm Maturity 


Hyaluronic acid (HA) is a major component of the 
extracellular matrix of the cumulus oophorus, 
which sperm must penetrate to bind to the zona 
pellucida and fertilize the oocyte.'? During the 
maturation phase of spermatogenesis, remodeling 
of the sperm plasma membrane exposes HA 
receptors on the surface of the sperm cell, 
rendering it capable to binding to HA and the 
zona_pellucida.2°*' HA-bound spermatozoa 
exhibit lower percentages of chromosomal aneu- 
ploidies and DNA damage and show significantly 
improved overall and nuclear morphology than 
sperm that do not bind to HA.?? In fact, sperm se- 
lection by HA binding has been shown to increase 
the proportion of morphologically normal sperm by 
threefold.2° The presence of sperm surface HA- 
receptors has, thus, been used as a marker of 
sperm maturity and a tool to select functional sper- 
matozoa for ART. 

Two commercially available methods for HA 
binding are currently in use. The first, the PICSI 
dish (Origio MidAtlantic Devices, Inc, Mt Laurel, 
NJ, USA), is a Petri dish containing immobilized 


spots of HA. Washed or DGC-prepared sperm 
are placed in the dish and incubated for 15 mi- 
nutes, after which freely moving sperm are rinsed 
off, and HA-bound sperm are picked with an ICSI 
pipette.” The alternative involves a viscous, 
HA-containing medium. A droplet of the medium 
is mixed with a droplet of DGC-prepared sperm 
and incubated for 15 minutes, then the sperm 
bound to HA at the interface of the 2 droplets are 
selected with an ICSI pipette.7° 

HA-based sperm selection is highly specific with 
minimal safety concerns, given that HA is a natu- 
rally occurring component of cervical mucus, 
cumulus cells, and follicular fluid. To date, no 
adverse events have been reported following 
the use of HA-selected sperm in clinical ART set- 
tings.° An obvious disadvantage of this approach, 
however, is the time commitment involved, partic- 
ularly if the fertilization of more than one oocyte is 
planned. Few studies have explored the clinical 
impact of this selection method. With the excep- 
tion of one prospective study of couples undergo- 
ing ICSI that showed higher fertilization rates using 
HA-selected sperm,” fertilization and pregnancy 
rates following the use of HA-selected sperm 
versus DGC-prepared sperm for IVF and ICSI do 
not seem to be significantly different.2°.2® 


Sperm Ultramorphology 


Normal sperm morphology, evaluated after fixa- 
tion and staining at a magnification of T000, is 
considered a major determinant of successful 
fertilization both in vivo and in vitro.22 However, 
sperm is typically selected for ICSI under light 
microscopy at a magnification of E400 from un- 
stained and unfixed samples, which are conditions 
that are inadequate for the evaluation of subtle 
structural malformations, DNA damage, and chro- 
mosomal aberrations. As a result, sperm selected 
for ART, especially ICSI, based on light micro- 
scopy alone can be suboptimal in quality. 

The motile sperm organelle morphology exami- 
nation (MSOME)is a recently developed alternative 
that allows the real-time assessment of sperm 
ultrastructure at a magnification of [16300.°° A mi- 
crodroplet of motile sperm, prepared using conven- 
tional techniques, is examined under oil inversion, 
with an inverted light microscope fitted with Nomar- 
ski optics and digital enhancement.2° The MSOME 
assesses 6 sperm organelles (acrosome, postacro- 
somal lamina, neck, tail, mitochondria, and nu- 
cleus), which are classified as being either normal 
or abnormal. Of the 6 organelles, the nucleus seems 
to be most important in influencing ART outcome.°° 

An increasing number of ART centers now 
include MSOME in ICSI protocols; the combination 
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of MSOME and ICSI is termed intracytoplasmic 
morphologically selected sperm injection (IMSI). 
Because MSOME identifies structural details that 
are undetectable by light microscopy, such as 
nuclear vacuoles that indicate abnormal chromatin 
packaging, this method is much more stringent 
than the evaluation of sperm morphology accord- 
ing to strict criteria. Indeed, IMSI has been shown 
to increase fertilization, implantation, and preg- 
nancy rates, while lowering aneuploidy and miscar- 
riage rates, compared with standard ICSI.°?-** 
However, IMSI is expensive, requires special tech- 
nical training, involves additional sperm manipula- 
tion, and takes considerably longer to perform 
than ICSI. Extended exposure of sperm to nonphy- 
siologic conditions may pose additional risks to the 
male germ cell. 


Sperm Surface Hectric Charge 


During epididymal transit and maturation, human 
sperm acquire a net negative surface electric 
charge, because of the acquisition of sialylated 
and negatively charged CD52 membrane glycopo- 
lypeptides.'* The expression of CD52 is positively 
correlated with normal sperm morphology and 
capacitation,°° and serves as the basis of sperm 
separation by electrophoresis. 

A sperm sample is loaded into a microflow cell 
fitted with a polycarbonate membrane containing 
5-mm pores, large enough to permit the passage 
of spermatozoa, yet small enough to exclude larger 
cells like leukocytes and immature germ cells. The 
application of an electrical current promotes the 
active transit of mature sperm across the field into 
a collection chamber from where they can be 
retrieved. Electrophoretic sperm selection is fast 
and minimizes the generation of ROS because it 
excludes leukocytes and involves no centrifugation 
steps. Separated sperm capacitate and bind to the 
zona pellucida (ZP) normally.3®37 The efficiency of 
this technique has been proven with oligospermic 
samples, testicular sperm, and frozen spermato- 
zoa.~° Some investigators have expressed concern 
that the use of electrophoresis may negatively 
impact fertility,’ but definitive evidence for this is 
lacking. Unfortunately, the apparatus required for 
this technique is expensive, making it inaccessible 
to many andrology laboratories. 

A second technique based on the sperm elec- 
trokinetic potential (ie, the difference in electrical 
charges between the membrane of mature sperm 
and its surroundings, typically E6 to 40 mV) is 
called the zeta potential. Because of their negative 
charge, spermatozoa adhere to glass surfaces 
when a culture medium is not supplemented with 
serum or albumin.'*? The zeta method isolates 


mature sperm by allowing them to adhere to the in- 
ner surface of a positively charged test tube.*° 
Because it does not involve the application of elec- 
tricity, the zeta method is considerably cheaper 
and likely safer than electrophoresis, but sperm 
recovery is too low to accommodate oligospermic 
samples. Additionally, the zeta method has not 
been tested in a humid environment, which has 
the potential to neutralize electrical charges. 
X-chromosome—bearing spermatozoa exhibit a 
higher net negative charge than Y-bearing sper- 
matozoa, but early concerns that electrophoresis 
or the zeta method may skew the ratio of X- and 
Y-chromosome-bearing sperm are not supported 
by recent investigations. °° 


Separation of Apoptotic and Nonapoptotic 
Sperm 


In viable cells, annexin V, a 35-kDa protein, is 
bound to the negatively charged phosphatidylser- 
ine (PS) on the inner leaflet of the plasma mem- 
brane.'* Early in apoptosis, PS is externalized 
to the outer leaflet of the plasma membrane, a 
change that is positively correlated with nuclear 
DNA damage and has implications for fertilization 
and pregnancy failure following ART. Given this 
association, methods to identify and isolate sper- 
matozoa that do not show PS on their surface 
have been developed. 

In magnetic activated cell sorting (MACS), 
a sperm sample is incubated with annexin 
V-conjugated microbeads, which bind specifically 
to apoptotic sperm with externalized PS. The 
bead-sperm mixture then runs through a magnetic 
column, which retains the labeled cells and allows 
the unlabeled cells to flow freely. Because MACS 
is unable to separate leukocytes or other cells from 
viable sperm, this technique is usually used in com- 
bination with DGC, which adds to processing time 
and involves an additional centrifugation step. The 
cost of specialized equipment is also a consider- 
ation. Nevertheless, available data demonstrate 
that MACS is fast, highly specific, and safe. Arecent 
meta-analysis of patients undergoing IVF or ICSI 
showed that MACS-selected sperm were associ- 
ated with a significantly higher pregnancy rate than 
sperm selected with DGC and the swim-up proce- 
durealone.*° No significant difference in miscarriage 
rates was identified. 

Two other sperm selection techniques based on 
the same principle have been described in the 
literature, namely, annexin V-activated glass wool 
filtration and flow cytometric cell sorting of fluores- 
cently labeled annexin V-PS positive spermato- 
zoa. Both are currently in experimental stages, 
with limited clinical data. 
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DNA DAMAGE 


The cause of sperm DNA damage is multifactorial 
and includes a variety of intrinsic and extrinsic 
factors. Available data support the detrimental 
effect of sperm DNA damage on pregnancy rates 
following natural conception, IUI, and IVF*?~** but 
not ICSI.*° Sperm DNA damage is also associated 
with higher rates of miscarriage.*° The long-term 
ramifications of a successful pregnancy achieved 
using DNA-damaged sperm are unknown, although 
some investigators have postulated that baseline 
sperm DNA damage may lead to de novo mutations 
in the offspring and the subsequent development of 
childhood diseases.*’“® Thus, the assessment of 
sperm DNA damage in the setting of ART certainly 
warrants consideration. 

The most commonly used methods to determine 
sperm DNA damage include the sperm chromatin 
structure assay (SCSA), terminal deoxynucleotidyl 
transferase dUTP nick end labeling assay (TUNEL), 
and the Single Cell Gel Electrophoresis assay 
(COMET). These assays vary considerably in meth- 
odology and in their definition of sperm DNA 
damage. TUNEL and COMET are direct assays 
that measure single- or double-stranded breaks in 
DNA, whereas SCSA is an indirect assay that relies 
on the fact that fragmented DNA is more suscepti- 
ble to denaturation.*° 

There are several limitations associated with the 
measurement of sperm DNA damage. Firstly, 
although the results of most assays correlate 
with each other, there are no universally agreed 
on thresholds for many of these tests. Secondly, 
these assays expose the sperm to conditions 
and compounds that render the sperm cell being 
analyzed unavailable for subsequent use for fertil- 
ization. And thirdly, these assays reflect the DNA 
integrity of an entire population of sperm, instead 
of specifically providing information about the indi- 
vidual spermatozoa being used for IVF or ICSI. As 
a result, neither the American Society for Repro- 
ductive Medicine nor the American Urological 
Association recommend the routine use of sperm 
DNA integrity testing in the setting of ART. 


ANEUPLOIDY 


Chromosomal aneuploidy remains the leading 
cause of pregnancy loss and mental retardation 
in humans, occurring in at least 4% of all clinically 
recognized pregnancies.°° Although most aneu- 
ploidies are maternal in origin, an estimated 5% 
to 10% of autosomal and 50% to 100% of 
sex chromosomal aneuploidies are paternally 
derived.°° Sperm aneuploidy has been reported 
in both fertile and infertile men, but the frequency 


of aneuploidies is significantly higher in men with 
abnormal semen parameters.*" 

The presence of sperm aneuploidy is not a barrier 
to fertilization.°' Nevertheless, an unfavorable asso- 
ciation between sperm aneuploidy and pregnancy 
rates, live births, recurrent ICSI failure, and chromo- 
somal abnormalities in developing embryos has 
been reported in prospective studies.°7-°° Among 
men with severe male factor infertility who undergo 
treatment with ICSI, the risk of sex chromosomal 
aneuploidy in the offspring can be threefold that of 
naturally conceived children.” Therefore, sperm 
aneuploidy carries important implications for repro- 
ductive outcomes following the use of ART. 

Fluorescent in situ hybridization (FISH) has 
replaced the human sperm-hamster oocyte fusion 
assay as the most widely used test for the detec- 
tion of chromosomal aneuploidies. However, 
FISH is laborious and time consuming, analyzes 
a maximum of 5 chromosomes per cell, and can 
only be used to provide an assessment of the 
overall risk of aneuploidy within a population of 
sperm. Sperm screened by FISH cannot be subse- 
quently used for ART. Furthermore, the level of 
sperm aneuploidy that becomes clinically signifi- 
cant for an aneuploid conception after ICSI is 
unknown. These limitations have precluded the 
routine clinical application of FISH for sperm aneu- 
ploidy screening. 

Some investigators have suggested targeted 
screening of patients in whom high frequencies 
of sperm aneuploidy may be expected, including 
patients with nonobstructive azoospermia; oli- 
goasthenoterazoospermia; a history of ICSI failure; 
Klinefelter syndrome; and a history of structural 
chromosome aberrations, including translocations 
and inversions.°'°° Such patients would likely 
derive the greatest benefit from aneuploidy 
screening. 

Improved techniques for aneuploidy screening, 
such as automated FISH analysis and comparative 
genomic hybridization, may facilitate more wide- 
spread assessment of sperm aneuploidy in the 
future.°° At present, the costs associated with 
these techniques are prohibitively high. 


SPERM -OOCYTE INTERACTION 


Fertilization in vivo requires both normal sperm 
function and normal sperm-oocyte interaction; 
sperm must be able to bind to the ZP, undergo 
the acrosome reaction, penetrate the ZP, and 
fuse with the oolemma. More than 25% of patients 
with idiopathic infertility may have defective 
sperm-oocyte interaction, leading to low fertiliza- 
tion rates with standard IVF.°’ This statistic is 
especially impressive when considered in light of 
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the fact that many infertility clinics use the first IVF 
cycle as a test cycle for infertile couples at a high 
financial and emotional cost. 

Although fertilization requires a normal oocyte in 
addition to anormal spermatozoon, complete failure 
of fertilization generally reflects a sperm defect.°” 
Certainly, this requirement is considerably more 
important for the success of IUI and IVF than ICSI, 
which bypasses the ZP and oolemma altogether. 
Nevertheless, normal sperm-oocyte interaction 
can be predictive of the quality of the subsequent 
embryo following ICSI. Studies comparing the use 
of ZP-bound sperm for ICSI versus standard ICSI 
demonstrate significantly better embryo quality 
and significantly higher implantation and pregnancy 
rates, despite no difference in fertilization rates, indi- 
cating that ZP-bound sperm are of superior qual- 
ity.°F©° Although the initial data are compelling, 
more studies are required before a definitive recom- 
mendation can be made in favor of this method for 
routine sperm preparation. 


OPTIMIZING SPERM FUNCTION IN VITRO 


A complementary approach to sperm preparation 
for ART using the methods described earlier is 
the treatment of sperm in vitro in order to improve 
their functional capacity for successful fertilization. 
A variety of substances have been used to stimu- 
late sperm motility, promote capacitation, and 
reduce ROS,'* with varying success. Some of 
the most commonly used candidates are reviewed 
later. 


Pentoxifylline 


Pentoxifylline is a methylxanthine derivative with a 
structure similar to that of caffeine. It is a nonspe- 
cific phosphodiesterase inhibitor that is approved 
by the Food and Drug Administration for the treat- 
ment of vascular disease. In the andrology labora- 
tory, the use of pentoxifylline is associated with 
improved motility of both fresh and cryopreserved 
sperm,°''°? particularly in patients who are asthe- 
nozoospermic. The drug acts via the cyclic AMP 
pathway to induce downstream sperm tail protein 
phosphorylation and stimulate motility.°° 

In addition to promoting motility, pentoxifylline 
has been shown to improve sperm-ZP binding®* 
and augment the acrosome reaction.®® However, 
the results of pentoxifylline treatment in terms of 
ART outcomes are conflicting, with some investi- 
gators describing an improvement in fertilization 
rates in couples undergoing IVF°°°’ and others 
noting no improvement in these parameters in 
couples undergoing IUI or IVF.°°°° Therefore, 
indiscriminate use of pentoxifylline in the ART 
setting is not recommended. 


Some clinicians have administered pentoxifyl- 
line orally, rather than in vitro, in an effort to in- 
crease sperm motility.'* The oral administration 
of this phosphodiesterase inhibitor has been 
shown to decrease ROS generation in some se- 
ries.”° The clinical benefit of this observation, in 
terms of improvement in sperm fertilization ability, 
still needs to be confirmed. 


Hypoosmotic Sperm Swelling 


Live sperm are able to maintain an osmotic gradient 
across the cell membrane. When placed into a 
solution, water flows into the cell resulting in the 
appearance of swelling of the tail. In contrast, 
nonviable sperm are unable to maintain an osmotic 
gradient and do not demonstrate tail swelling in 
hypoosmotic media. This property underlies the hy- 
poosmotic sperm swelling test (HOST), which is 
used to determine if nonmotile sperm are viable. ”' 
The test has also been used to select nonmotile 
but viable sperm for ICSI.’? Although some centers 
use the assay for this purpose, there has been 
concern that exposure of sperm to hypoosmotic 
media may impair sperm function. A recent ran- 
domized study indicates that pentoxifylline is supe- 
rior to HOST for the selection of immotile testicular 
sperm for ICSI, resulting in higher fertilization and 
pregnancy rates. ’° 


Bicarbonate 


Bicarbonate is a major secretory component of the 
fallopian tube and an important mediator of sperm 
cell function, which supports capacitation, induc- 
tion of the acrosome reaction, and the increase in 
hyperactivated motility that is required for success- 
ful ZP penetration.'* These physiologic changes 
necessitate the influx of Ca?+ into the sperm cell, 
which bicarbonate brings about via the cyclic AMP 
pathway. In the laboratory, bicarbonate-enhanced 
sperm medium can promote the recovery of motile 
sperm. However, the use of bicarbonate in vitro 
can elevate pH levels and damage the mitotic spin- 
dle of the oocyte, leading to failure of fertilization. 14 


Platelet Activating Factor 


Platelet-activating factor (PAF) is a highly potent 
signaling phospholipid that plays multiple roles in 
circulation, inflammation, and platelet and neutro- 
phil activation, in addition to acting as a cellular 
mediator of reproduction. As a cellular mediator of 
reproduction, PAF seems to be involved in 
implantation and may reflect embryo health and 
vitality.” Several investigators have reported a 
beneficial effect of PAF on motility, capacitation, 
acrosome reaction, and oocyte penetration,’>’° 
which is susceptible to inhibition by PAF 
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antagonists. The action of PAF seems to be medi- 
ated via PAF receptors located on the midpiece 
and tail of spermatozoa and involves the formation 
of diacyglycdrol, inositl triphosphate, and an in- 
crease in intracellular Ca*+ concentrations. 14 How- 
ever, the data on pregnancy outcomes following the 
use of PAF treated sperm in couples undergoing IUI 
are conflicting at present.’””® 


ROS Scavengers 


As previously mentioned, sperm are exquisitely sen- 
sitive to oxidative stress because of their high con- 
tent of polyunsaturated fatty acids and the lack of 
any repair mechanism against oxidation. In vivo, 
sperm depend on scavenging systems present 
within the seminal plasma, including vitamin C and 
E, superoxide dismutase, uric acid, glutathione, 
and spermine.'* Infertile men show decreased 
levels of seminal scavengers. In vitro, sperm can 
be treated with a variety of antioxidants to tackle 
the problem of oxidative stress, such as vitamins 
and glutathione. However, to date, the results of 
such treatments have been equivocal either 
because oxidative damage has already occurred 
in the testis or epididymis and cannot be undone 
or because of other contributing factors, such as 
genital tract inflammation or infection. 14 


FUTURE TECHNIQUES 


Technologic advances combined with an ever- 
expanding knowledge of sperm function and phys- 
iology have led to the development of several new 
sperm selection techniques that are noninvasive, 
highly discriminative, and easy to perform under 
physiologic conditions. These techniques, including 
Raman microspectroscopy (RMS), confocal light 
absorption and scattering spectroscopic micro- 
scopy, and polarizing microscopy, are presently 
in experimental stages. However, preliminary re- 
ports supporting their role in the future of ART are 
promising. 


RMS 


RMS is a discrete laser-scattering technique 
capable of providing detailed information about 
the internal structure of molecules, including 
DNA, thereby identifying cells containing damaged 
DNA.”° With existing applications in microbiology 
and tumor biology, several researchers have now 
investigated the utility of RMS in assessing sperm 
quality. Air-dried sperm smears are subjected to 
ultraviolet radiation using a fixed-wavelength exci- 
tation laser. The effect of ultraviolet radiation of 
sperm DNA is quantified as spectral Raman 
signatures, creating a “chemical fingerprint.”°° 


Differences in Raman spectra can then be used 
to identify sperm containing damaged DNA. Based 
on the available evidence, RMS seems to provide a 
reproducible and reliable assessment of sperm 
DNA integrity.°' Optimization and validation of 
this technique for live sperm is needed. 

One recent report has documented the use of 
RMS to differentiate ZP-bound sperm from un- 
bound sperm, illustrating another potential appli- 
cation of this technique to identify normal 
functional sperm for use with ART.® 


Confocal Light Absorption and Scattering 
Spectroscopic Microscopy 


Confocal light absorption and scattering spectro- 
scopic microscopy (CLASS) combines confocal 
microscopy, a well-established high-resolution 
microscopic technique, and the principles of light- 
scattering spectroscopy to provide detailed and 
highly specific images of submicrometer intracel- 
lular structures.°° CLASS is capable of imaging 
and continuously monitoring individual viable cells, 
thus enabling the observation of cell and organelle 
functioning at scales of the order of 100 nm. 
Although CLASS has not been widely used for the 
evaluation of spermatozoa, Itzkan and colleagues™ 
have reported its use for discriminating between 
apoptotic and nonapoptotic human bronchia 
epithelial cells. Importantly, this technique requires 
no exogenous labels and is nondestructive, proper- 
ties that make it ideally suited for sperm selection 
while preserving sperm function. °* 


Polarizing Microscopy 


Polarizing microscopy has been used for the 
assessment of both oocytes and sperm in the 
assisted-reproduction setting. In this approach, 
the birefringence of light caused by the anisotropic 
properties of the compact textures of the sperm 
nucleus, acrosome, and flagella permits the evalua- 
tion of the organelle structure of the male germ 
cell.'? Additionally, polarizing microscopy can be 
used to study the acrosome reaction in spermato- 
zoa and to separate acrosome-reacted from non— 
acrosome-reacted sperm, thereby allowing for the 
appropriate selection of functional spermatozoa 
for IVF and ICSI. The utility of this technique has 
been tested in both oligoasthenoteratozoospermic 
and testicular sperm samples, with good success.°° 
Although one prospective randomized study of cou- 
ples undergoing ICSI demonstrated significantly 
higher implantation and ongoing pregnancy rates 
following the use of acrosome-reacted sperm 
selected with polarizing microscopy,°° the actual 
improvement in ICSI outcomes using acrosome- 
reacted sperm is under debate. 
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SUM MARY 


Some investigators have argued that sperm func- 
tion testing is irrelevant in the era of ICSI because 
couples can often be successfully treated with 
ICSI, without the need for diagnosing or treating 
the underlying sperm functional defect. Although 
such an approach is possible in practice, it is 
expensive and may negatively impact the health 
of the offspring. Because ICSI completely by- 
passes the barriers of natural selection, it is asso- 
ciated with a higher transmission of genetic 
defects compared with IVF alone. The indiscrimi- 
nate use of ICSI may, therefore, place offspring 
at higher risk of heritable diseases. Sperm func- 
tion testing has the potential to identify healthier 
sperm, thereby lowering risk to the progeny. In 
the setting of adequate sperm concentrations, 
sperm function testing may also allow for the iden- 
tification of sufficient sperm for use with IVF, 
instead of ICSI, which would lower treatment 
costs. 

Despite considerable improvements in conven- 
tional sperm preparation methods in recent years, 
data indicate that no more than 55% of sperm 
selected for ICSI have normal DNA.®’ The need 
for advanced sperm selection methods to identify 
the best-quality functional sperm for use with ART 
is, therefore, indisputable. 

Preliminary results of ART outcomes, including 
fertilization and pregnancy rates, using sperm 
selection techniques, such as MACS, HA binding, 
and IMSI, are encouraging. However, the increases 
in processing time, technical expertise, and cost 
associated with these technologies can be 
substantial and must be carefully considered. 
Additionally, many advanced sperm preparation 
methods have the potential to significantly prolong 
sperm exposure to nonphysiologic conditions, 
which itself can induce iatrogenic damage, 
including an increase in sperm DNA fragmentation, 
aberrant embryo development, and higher rates of 
miscarriage. This is especially true for methodolo- 
gies that require a combination of conventional 
techniques followed by advanced techniques. Suf- 
ficient long-term safety data for many of the tech- 
niques discussed earlier are lacking. Larger and 
longer-term follow-up studies are definitely needed 
to better define any resulting anomalies or other 
unwanted effects, such as skewed sex ratios, in 
the offspring. 
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KEY POINTS 


[Nutraceuticals have become exceedingly popular for the treatment of male infertility as a result of 


widespread availability. 


[Most nutraceuticals have antioxidant properties that may effect sperm production and function. 
[Whe data present in the available English literature are mixed on the effects of nutraceuticals on 
male fertility because of the lack of standard dosing or control for dietary intake from various 


Sources. 


[Support is lacking for supplementation exceeding that obtained through a well-balanced diet. 


INTRODUCTION 


Medically therapeutic nutraceuticals have become 
more popular as a result of public awareness and 
increasing interest by the scientific community 
and consumers. In addition, nutraceuticals have 
become an important part of replacing nutritional 
deficiencies caused by the consumption of over- 
processed junk foods that may make up a prevalent 
part of the Western diet. ' 

Different nutraceuticals, including herbs, fruits, 
vegetables, nutritional supplements, and vitamins, 
have been promoted to improve many aspects of 
male fertility.2 These include sperm function and 
semen analysis parameters, erectile function, and 
libido. 

Infertility affects 15% of couples and a male fac- 
tor is found to be solely responsible or in conjunc- 
tion with a female factor in 50% of cases.°+ These 
therapies are thus popular among infertile couples 
seeking alternatives to traditional assisted repro- 
ductive technologies (ART) because of their wide- 
spread availability, relatively harmless side effect 
profile, and comparatively low cost. 


Nothing to disclose. 


The purpose of this article is to review nutraceut- 
icals and their effects on male fertility. The discus- 
sion begins with a review of the effect of oxidative 
stress on sperm production and function because 
the common pathway for most nutraceuticals 
relies on the antioxidant properties of these thera- 
pies. Understanding the effect of oxidative stress 
on sperm is an important part of reviewing the 
effects of nutraceuticals on male infertility.° 


OXIDATIVE STRESS 


Oxidative stress in the testes or semen can be 
attributed to infection, inflammation, trauma, to- 
bacco exposure, industrial exposure, strenuous 
exercise, chemotherapy, and exogenous (ie, hot 
tub, sauna, lap top, and so forth) or endogenous 
(ie, cryptorchidism, varicocele, febrile illness, and 
so forth) heat exposure.° Leukocytes and underde- 
veloped spermatozoa are the primary producers 
of endogenous oxidants in the semen, with imma- 
ture and teratozoospermic forms producing more 
reactive oxygen species (ROS) compared with 
mature and morphologically normal spermatozoa.’ 
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Physiologic ROS are also produced in response to 
chemical and bacterial stimuli.® 

Some detrimental effects of ROS include free 
radical attack and lipid peroxidation on the unsat- 
urated fatty acids of the sperm plasma membrane 
resulting in decreased sperm membrane integrity, 
sperm DNA damage,’ decreased intrinsic ability to 
repair sperm DNA damage,'°® and decreased 
sperm motility.'' Despite the negative effects of 
excessive oxidative stress, physiologic ROS is 
essential for certain sperm functions including 
capacitation and signal transduction events. 1? 


ANTIOXIDANTS 


Antioxidants function as ROS scavengers to pro- 
tect against oxidative stress and damage. 1° Phys- 
iologic antioxidants are produced intrinsically for 
normal physiologic functions and in response to 
chemical and bacterial stimuli and are present in 
seminal plasma and spermatozoa. '* The body is 
able to buffer ROS by using physiologic free 
radical scavengers. '° Injury occurs when this fine 
balance is disrupted by an increased production 
or decreased clearance of ROS. 

Physiologic antioxidants are enzymatic and 
nonenzymatic. Enzymatic physiologic antioxidants 
include catalase, superoxide dismutase, and 
glutathione peroxidase. Nonenzymatic physio- 
logic antioxidants include carnitine, carotenoids, 
glutathione, hypotaurine, taurine, and vitamins 
C and E."° 

Antioxidants are obtained through dietary intake 
including herbs, fruits, vegetables, nuts, legumes, 
dairy, and meat products. They can also be ob- 
tained through oral supplements including vita- 
mins and minerals. Increased intake of dietary 
antioxidants from any source can potentially 
improve semen quality and intrinsic sperm proper- 
ties.'’ In contrast, lower dietary intake may result 
in poor semen quality as a result of lower total 
body concentration of antioxidants. '® 


DEFINITION OF NUTRACEUTICALS 


Nutraceuticals are foods or food ingredients “that 
provides medical or health benefits, including the 
prevention and/or treatment of a disease.” 1° The 
medicinal benefits of plants have been known 
through many millennia in many historical civiliza- 
tions. Hippocrates (460-377 BC) stated “let food 
be thy medicine and medicine be thy food” refer- 
ring to the use of plants and their byproducts for 
prevention and treatment of diseases.7° 
Nutraceutical is a combination of the words 
nutrition and pharmaceutical coined by Stephen 
DeFelice, MD in 1989.2" It is an inclusive term 


that describes products derived from food that 
can provide extra health benefits beyond the basic 
nutritional value found in foods.' Used in its purest 
form, nutraceuticals bridge the world between 
food and pharmaceuticals. The term nutraceutical 
is therefore used as an all-encompassing term 
including plant-based foods and byproducts, sup- 
plements, minerals, and vitamins. Our discussion 
of nutraceuticals focuses on the common foods 
that contain the antioxidants that have an effect 
on fertility and their side effects with excess con- 
sumption (Table 1). Commercially available 
extracts of these antioxidants are not discussed, 
although they can be taken to supplement dietary 
shortages if needed. 


REVIEW OF NUTRACEUTICALS 
Arginine 


Arginine is a precursor of nitric oxide and plays a 
role in augmenting the cellular inflammatory 
response by providing protection against oxidative 
damage.” Arginine is essential for sperm motility, 
metabolism, capacitation, acrosome reaction, and 
is a precursor for producing petruscine, spermine, 
and spermidine.*°:2* 

Reports on the effect of arginine on semen pa- 
rameters have been varied in the literature. Studies 
have reported daily arginine supplementation 
improves sperm concentration and motility.2°-°° 
Conversely, other studies have failed to demon- 
strate any improvement in sperm counts or preg- 
nancy rates.°°*' Other studies have demonstrated 
that excessive arginine concentrations can result 
in impaired sperm function.** 

Arginine occurs naturally in many plant-based 
dietary sources including barley, brown rice, buck- 
wheat, cereal, chocolate, coconut, dairy, nuts, and 
seeds. It can also be found in various meat prod- 
ucts. The recommended daily allowance (RDA) is 
20 g, with an upper limit of 30 g.°* Potential side 
effects of excess consumption include increased 
bleeding risk, electrolyte abnormalities, gastroin- 
testinal (GI) distress, increased glucose levels, 
hypotension, renal insufficiency, worsening symp- 
toms of sickle cell disease, and asthma.7* 


Carnitines 


Carnitines are synthesized from the amino 
acids lysine and methionine. They are responsible 
for regulating intracellular metabolism through 
b-oxidation and buffer the acetyl-coenzyme A 
(CoA) to CoA ratio by transporting long-chain fatty 
acids into the mitochondria. Carnitines provide 
energy for spermatozoa and affect sperm motility 
and maturation.°° They also function as antioxi- 
dants providing protection against ROS.** 


Table 1 


Dietary nutraceutical sources and side effects 


Nutraceutical 


Arginine 


Carnitine 


Coenzyme Q10 


Folic acid 


Glutathione 
Lycopene 


Omega fatty 
acids 


Phytoestrogens 


Selenium 


Vitamin A 


Vitamin C 


Vitamin E 


Dietary Sources 


Barley, brown rice, buckwheat, cereals, 
chocolate, coconut, dairy, nuts, seeds, 
meats 


Fish, poultry, red meat, dairy products 


Cabbage, carrots, whole grains, nuts, 
onions, rice bran, potatoes, soybeans, 
spinach, oily fish (mackerel, sardines), 
organ meats (heart, kidney, liver) 

Avocado, beans, brewer’s yeast, cereals, 
citrus, eggs, dark green leafy 
vegetables, meats 


Fruits, vegetables, meats 
Tomato 


Fish, plant and nut oils, enriched 
processed foods 


Edamame, soy beans, soy-derived 
products (tofu, miso, soy sauce, soy 
protein, tempeh) 


Cereal, eggs, nuts, meat, seafood 


Carrots, cruciferous vegetables, 
pumpkin, sweet potatoes, dairy, eggs, 
oily saltwater fish, meat 


Fruits (citrus, kiwi, papaya, strawberry, 
and so forth) and vegetables (bell 
pepper, broccoli, cauliflower, kale, 
and so forth) 


Fruits, vegetables, cereals, grains, 
vegetable oils, wheat germ, eggs, 
dairy, meat, poultry 

Seeds (pumpkin, sesame, sunflower, 


and so forth), wheat, meat 
(secondary intake) 


Abbreviation: Gl, gastrointestinal. 
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Potential Side Effects 


Asthma, bleeding risk, electrolyte 
abnormalities, gastrointestinal 
distress, increased glucose levels, 
hypotension, renal insufficiency, 
worsening symptoms of sickle cell 
disease 


Gl distress, malodorous body secretions, 
seizures 


Gl distress, headache, loss of appetite, 
and skin rash 


Gl distress, rash, irritability, seep 
disturbance, confusion, seizures, 
increased risk of myocardial 
infarction in those with cardiac 
history 


Gl distress, changesin skin color 


Foul breath, GI distress, pruritus, 
change in taste, increased bleeding 
risk 

GI distress, rash 


Gl distress, fatigue, irritability, nail 
changes, facial flushing, hair loss, 
garlic odor on breath, metallic taste, 
muscle tenderness, tremors, 
hematologic changes, hepatic and 
renal insufficiency 


Central nervous system effects (fatigue, 
irritability, mental status changes), 
visual changes, papilledema, vertigo, 
anorexia, gastrointestinal distress, 
fever, sweating, skin dryness, peeling 
skin of hands and feet, muscle aches, 
joint aches, liver toxicity, hypoplastic 
anemia 

Dyspepsia, headache, increased risk of 


nephrolithiasis as a result of 
conversion to oxalate 


Fatigue, GI distress, headache, muscle 
weakness, rash, vision changes, 
bruising, bleeding complications 

Gl distress, gastric ulcers, loss of 
appetite, dehydration, headaches, 
and rash 
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L-Carnitine (LC) and L-acetylcarnitine (LAC) are 
the 2 main important forms. Both can be found 
concentrated in the epididymis, seminal plasma, 
and spermatozoa.*° Carnitine supplementation 
has been demonstrated to improve sperm con- 
centration, motility, morphology, viability, and total 
oxidative capacity.“ Although pregnancy rates 
were higher in treatment groups, they were not 
statistically significant. Combination with nonste- 
roidal antiinflammatory drug therapy has also 
been found to improve semen parameters as 
well.*+44 Despite multiple studies espousing the 
benefits of carnitine supplementation, it has also 
been demonstrated to have inferior improvements 
on semen parameters compared with placebo.*° 

Carnitines are considered conditionally essential 
nutrients.*° Dietary sources of carnitine are primar- 
ily found in meats, including red meat, poultry, fish, 
and dairy products.*° Unfortunately for vegetarians 
and vegans, fruits and vegetables carry minimal 
amounts. The RDA is not well established, however 
4000 mg daily should not be exceeded. 6*8 Excess 
intake greater than 4 g per day can result in Gl 
distress, malodorous body secretions, and 
seizures.*° 


Coenzyme Q10 


Coenzyme Q10 (CoQ10) transports electrons in 
the mitochondrial respiratory chaint? and bioener- 
getics promoting energy within the sperm mid- 
piece.°° It also acts as a lipid-soluble antioxidant 
for the lipoprotein-rich cell membrane and stabi- 
lizes and protects it from oxidative stress.°'°? 
CoQ10 can be measured directly in the semen 
and is correlated with sperm count and motility.°° 
Several placebo-controlled studies have demon- 
strated 4.5% to 6% improvement in sperm motility 
with CoQ10 supplementation.°°:*4 

CoQ10 can be found naturally in whole grains, 
rice bran, soybeans, nuts, cabbage, carrots, on- 
ions, potatoes, spinach, oily fish (mackerel and 
sardines), and organ meats. 8:55 The body is natu- 
rally able to synthesize CoQ10, therefore no RDA 
has been established. Based on previous studies, 
the optimal intake is 200 to 300 mg/d, although 
acceptable daily intake can be titrated up to 
12 mg/kg/d as needed.*® Adequate daily intake 
of CoQ10-containing foods can remove the need 
for additional supplementation. Excess intake 
can cause GI distress, headache, loss of appetite, 
and skin rash.*® 


Folic Acid (Folate) 


Folic acid is intrinsically involved in purine and py- 
rimidine production thereby playing an important 
role in DNA synthesis and proper cell function.® It 


is also a potent free radical scavenger by providing 
methyl donors methionine and S-adenosylmethio- 
nine.” Folate is a water-soluble B vitamin also 
known as vitamin Bo. 

Adequate folic acid intake is associated with 
a decreased frequency of sperm DNA abnormal- 
ities; men consuming greater than 700 ng of 
folate daily have up to 30% lower frequency of 
disomy X and 21, sex nullisomy, and aggregate 
aneuploidy compared with men with lower 
intake. '’ The effect of folic acid on male fertility 
is controversial. A double-blind, randomized, 
placebo-controlled study demonstrated a 74% 
increase in sperm count with folic acid and 
zinc supplementation, however there was a 4% 
increase in abnormal sperm morphology.°’ 
Conversely, other studies have failed to demon- 
strate any positive improvement on DNA content, 
sperm concentration, morphology, or motility 
with folic acid supplementation.®:°° 

Folic acid can be found in avocados, beans, 
brewer’s yeast, enriched cereals, citrus fruits, 
eggs, dark green leafy vegetables, and meat prod- 
ucts.*® The RDA is 400 ng.°° There is no convincing 
evidence that folic acid intake more than the RDA 
improves fertility even though it has a critical role 
in spermatogenesis and sperm DNA production. 

Excess intake can result in GI distress and rash. 
Significant excess can result in neurologic mani- 
festation including irritability, sleep disturbance, 
confusion, and seizures.°° However, even low 
doses of folate have been associated with 
increased risk of myocardial infarction in patients 
with a cardiac history.°'-°? 


Glutathione 


Glutathione is one of the most abundant endoge- 
nous antioxidants found in the body and plays an 
important role in maintaining exogenous antioxi- 
dants (ie, vitamins C and E) in their active reduced 
roles.°° It is produced in the liver and synthesized 
from cysteine, glutamic acid, and glycine. Gluta- 
thione also functions as a detoxification agent of 
carcinogens and harmful foreign compounds. 
Glutathione supplementation in infertile men has 
been demonstrated to improve sperm motility.°°° 
Men with varicoceles were noted to have a 10% 
increase in total sperm motility over baseline with 
treatment (P<.01).°” Supplementation in combina- 
tion with vitamins C and E has also been associ- 
ated with improved sperm count and decreased 
DNA fragmentation, although it is unclear whether 
improvements can be attributed to glutathione 
alone or the synergistic effect with concomitant 
multiantioxidant supplementation. 


Glutathione can be readily found in fresh fruits, 
vegetables, and meat products.°° There is no 
RDA due to endogenous production within the 
liver and supplementation up to 3 g has been 
demonstrated to be safe.’° Glutathione supple- 
mentation beyond food has been limited by its 
poor GI absorption and the need for intramuscular 
administration to achieve clinically effective 
levels.’° Regular intake of glutathione-rich foods, 
whey protein, as well as biochemical precursors, 
such as N-acetylcysteine (NAC) or a-lipoic acid, 
can maintain normal physiologic concentrations 
for antioxidant benefits.’'~’° 


Lycopene 


Lycopene is a nonprovitamin A carotenoid antiox- 
idant with roles in cell growth regulation, gap junc- 
tion communication, gene expression modulation, 
immune responses, and protection of lipid peroxi- 
dation.” Lycopene can be found concentrated 
in many human tissues, especially the adrenal 
glands, breast, liver, prostate, and testes.’° 

Dietary intake or supplementation of lycopene 
has positive effects on semen parameters, however, 
there have been no confirmatory placebo-controlled 
randomized trials to date.'® Men consuming 1 can 
of tomato soup daily (22.8 mg of lycopene daily) 
can increase serum and semen lycopene concen- 
trations.“© Sperm concentration, motility, and 
morphology have been found to improve with intake 
of lycopene 2000 ng twice daily. ’” 

Lycopene is readily available in tomato- 
containing foods. Lycopene is absorbed more 
efficiently from cooked and processed forms 
(ketchup, tomato sauce, stewed tomatoes, and 
so forth) rather than fresh tomatoes.’° A tomato- 
rich diet obviates the need for additional supple- 
mentation. Lycopene has no RDA or upper unsafe 
limit, however excess intake can result in Gl 
distress and skin color changes. Supplementation 
is not considered necessary in most cultures 
because of the availability of lycopene in the diet. 
However, it is reasonable in those with dietary 
intolerances, but optimal dosing is unknown. 


Omega Fatty Acids 


Polyunsaturated fatty acids (PUFAs) are essential 
fatty acids because the human body cannot syn- 
thesize them. The 2 main types of PUFAs are 
omega-3 and omega-6 fatty acids. The main 
omega-3 fatty acids are a-linolenic acid (ALA), do- 
cosahexanoic acid (DHA), and eicosapentanoic 
acid (EPA). The main omega-6 fatty acids are 
arachidonic acid, linoleic acid, and g-linolenic 
acid.’® 
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PUFAs make up an important part of the struc- 
tural component of cell membranes, namely that 
of the cellular lipid bilayer.’°:°° Fatty acids are 
incorporated into the sperm cell membrane and 
play a role in successful fertilization.°' They also 
have antioxidant abilities protecting the spermato- 
cyte from ROS and oxidative stress. 

Intake of PUFAs can improve sperm count, 
motility, morphology, and improve semen antioxi- 
dant activity.°*** This was demonstrated in a 
double-blinded, placebo-controlled, randomized 
controlled study with 238 patients receiving 
1.84 g of omega-3 fatty acids (DHA and EPA) or 
placebo daily for 32 weeks.®* 

A prospective study comparing 82 infertile men 
to 78 age matched fertile men demonstrated a 
significant positive correlation between blood 
plasma and spermatozoa omega-3 fatty acid 
concentration and sperm concentration, motility, 
and morphology (P<.05).°* However, there was 
a negative correlation between omega-6 fatty 
acid of spermatozoa and sperm count, motility, 
and morphology (P 5 .001). This study concluded 
that fertile men had higher omega-3 and lower 
omega-6 fatty acid levels, whereas infertile men 
had higher omega-6 and lower omega-3 fatty 
acid levels. 

Dietary sources for omega-3 fatty acids include 
oils derived from fish, plants, and nuts. DHA and 
EPA are found in cold-water fish (anchovy, halibut, 
herring, mackerel, sardines, salmon, and tuna) 
and fish oil supplements. ALA is found in flaxseed, 
soybeans, pumpkin seeds, purslane, perilla seed, 
walnuts, and their respective oils. The overall 
health effect of omega-3 fatty acids come from 
EPA and DHA; the body converts ALA to these 2 
forms within the body.°° 

There is no RDA for omega-3 fatty acid, however 
the acceptable intake is 1.6 g/d for men.°°°’ 
Omega-3 fatty acid-enriched processed foods 
are widely available. These include bakery prod- 
ucts, eggs, mayonnaise, margarines, meat, milk, 
oils, pasta, salad dressings, and poultry. There- 
fore, omega-3 deficiency is unlikely in most indus- 
trialized societies. 

The side effects of excess omega-3 fatty acid 
supplementation include foul breath, change in 
taste, reflux, bloating, diarrhea, nausea, constipa- 
tion, and pruritus. Excessive intake can also in- 
crease bleeding risk. Caution is advised for those 
on therapeutic anticoagulation or antiplatelet 
therapy.8889 


Phytoestrogens 


Phytoestrogens are plant-derived, nonsteroidal 
compounds that mimic the structure of estradiol 
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and can thus bind to and activate estrogen recep- 
tors a and b.°°°' Phytoestrogens can interact 
with endogenous estrogen signaling pathways 
potentially disturbing normal hormonal pathways. 
They are thus known as endocrine-disrupting 
chemicals (EDCs) and can interfere with the pro- 
duction, metabolism, or activity of the body’s nat- 
ural hormones that are normally responsible for 
development, homeostasis, and reproduction.°7 

Phytoestrogens are naturally occurring plant 
compounds and can be found in many fruits and 
vegetables. Soybeans and soy products are the 
major source of dietary isoflavones, which are a 
subclass of phytoestrogens. Genistin and daidzin 
are the 2 major soy isoflavones found in soy and 
soy derivatives.°°°4 The metabolites of these soy 
isoflavones also have antioxidant properties.°° 

Isoflavones are closely associated with proteins, 
therefore alcohol extraction and processing tend 
to significantly decrease phytoestrogen levels.°° 
The total content is high in soy flour, isolated soy 
protein, fermented soybean, tempeh, and eda- 
mame. Conversely, the content is much lower 
in tofu, miso, soymilk, soy sauce, or alcohol- 
extracted soy protein.°” 

People consuming more soybeans and soy 
products are exposed to higher levels of phytoes- 
trogens. This puts those consuming traditional 
Asian diets in Japan and Korea up to 20 to 
30 g/d at risk for potential fertility problems.°°:°° 
Excessive intake may result in GI distress. Those 
with allergies to soy products may develop pruri- 
tus and rash. 

Several conflicting studies have investigated the 
effect of soy intake on male fertility and more spe- 
cifically semen parameters. A dietary study of 48 
men with abnormal semen parameters and 10 
control patients demonstrated improvements in 
sperm count and motility with soy intake. '°° 

Another dietary study with 99 men found that the 
intake of soy food and isoflavones was inversely 
related to sperm concentration.” Those who 
consumed soy had 41 million/mL less sperm 
compared with nonsoy eaters (P 5 .02). There 
was no quantification of the level of intake or 
serum isoflavone levels. 

A third study with 14 subjects demonstrated no 
effect of isoflavone intake on semen quality or 
serum sexual hormone levels after 2 months of 
treatment.'°? A recent meta-analysis with 32 re- 
ports suggests that soy or isoflavone intake does 
not affect testosterone levels. '°° 

There does not seem to be a beneficial or detri- 
mental effect of soy intake on male fertility or repro- 
ductive capability based on the current literature. 
Negative effects are well outlined in small animal 
studies.°°'°* However, there are no human 


placebo-controlled, randomized controlled studies 
investigating the true effect of soy products on 
overall male fertility and semen parameters. 

Men with idiopathic infertility are advised against 
consuming soy products regularly because of the 
known estrogenic effects of isoflavones and their 
potential effect on the hormonal axis and 
spermatogenesis. 


Selenium 


Selenium is an essential trace element with an 
important role in antioxidant reactions. It is a 
component of glutathione peroxidase and serves 
as a cofactor in the reduction of antioxidant en- 
zymes. °° It also has important roles in maintaining 
testicular development, spermatogenesis, and 
sperm functions, such as motility and capacita- 
tion.'°°'°’ The detrimental effects of selenium 
deficiency include decreased sperm motility, 
decreased spermatozoa midpiece stability, and 
abnormal sperm development resulting in poor 
morphology. 108-199 

Selenium has been noted to improve sperm 
count, motility, and morphology when used alone 
and in combination with other antioxidants and 
supplements. ''°''" Vitamin E plays a role in sele- 
nium metabolism and works in synergy with sele- 
nium’s antioxidant properties.''* Men treated 
with selenium and vitamin E in a prospective ran- 
domized study had an 8% increase in sperm 
motility and a decrease in lipid peroxidation levels 
(P<.05).'° A 3-month placebo-controlled study 
including selenium only and selenium in combina- 
tion with other vitamins demonstrated a 12.9% 
increase in sperm motility (P<.05) as well as an 
11% pregnancy rate over placebo. ''* 

In contrast to the previous studies, a noncon- 
trolled study with selenium only supplementation 
noted increases in serum and seminal selenium 
levels more than baseline, but no change in 
sperm count, motility, or morphology.''* This 
result may reflect the need for selenium to be 
taken in conjunction with other nutraceuticals 
to realize the synergistic effects of this trace 
element. 

Selenium is absorbed readily from the soil by 
certain plants. It can be obtained in the diet directly 
through plants or indirectly through animal protein. 
Dietary sources include nuts (especially Brazil 
nuts), cereals, eggs, meat products (kidney), and 
seafood. This is one of the few nutraceuticals 
in which fruits and vegetables are poor sources.*® 
The RDA is 55 ng, and the upper tolerable limit 
is 400 ng/d.115 

Potential side effects with modest intake less 
than the upper tolerable limit include GI distress, 


fatigue, irritability, and nail changes. Toxic levels of 
intake can result in facial flushing, hair loss, garlic 
odor on the breath, metallic taste, muscle tender- 
ness, tremors, hematologic derangements, and 
hepatic and renal insufficiency. 115116 


Vitamin A 


Vitamin A, otherwise known as carotenoids and 
retinoids, is a fat-soluble vitamin that maintains 
the mucous membranes of the eyes, GI and geni- 
tourinary tracts, and skin. It may also have antiox- 
idant properties, although the exact mechanism is 
unknown.''” Vitamin A deficiency can result in 
decreased spermatogenesis ''® and decrease the 
integrity of Sertoli cell tight junctions thereby 
compromising the blood-testis barrier. 119 

Combination therapy studies including vitamin A 
and other supplements including vitamins C and E, 
selenium, NAC, and zinc, have demonstrated its 
positive effects on sperm motility and count 
(P<.05).113120 Vitamin A only studies are currently 
lacking, therefore, the effect of vitamin A therapy 
alone on male infertility is difficult to discern. 

Dietary vitamin A is readily available through 
many sources including many fruits and vegeta- 
bles (carrots, sweet potatoes, pumpkin, crucif- 
erous vegetables), dairy products, eggs, oily 
saltwater fish, and meat products. Many pro- 
cessed foods are enriched with vitamin A account- 
ing for a significant source of intake in the western 
diet.*® 

The RDA is 900 ng (w 3000 international units 
[IU]; conversion: IU EiD.3 5 mg).'2! The upper toler- 
able limit is 3000 ny.*° Side effects are uncommon 
with doses less than 10,000 ng/d. Vitamin A is fat- 
soluble and is readily stored in the body. Supple- 
mentation beyond daily dietary intake can result 
in accumulation of toxic levels. Symptoms of 
toxicity include central nervous system symptoms 
(fatigue, irritability, mental status changes), visual 
changes, papilledema, vertigo, anorexia, Gl 
distress, fever, sweating, skin dryness, peeling 
skin of hands and feet, muscle aches, joint aches, 
liver toxicity, and hypoplastic anemia. 1?? 


Vitamin C 


Vitamin C, or ascorbic acid, is a water-soluble 
vitamin that is a key cofactor for hydroxylation 
and amidation reactions. '7° It is involved in the syn- 
thesis of collagen, components of intercellular 
matrix, and proteoglycans. Vitamin C is also an 
important antioxidant that plays a role in recycling 
oxidized vitamin E.° It also protects sperm and 
sperm DNA from oxidative damage by neutralizing 
ROS in a concentration-dependent manner. '~* It 
can be found in high concentrations within seminal 
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plasma? and is proportional to intake. Adequate 
concentrations have been demonstrated to reduce 
sperm DNA fragmentation and damage. 18.124.126 

Vitamin C supplementation has been associ- 
ated with improvements in semen quality. Many 
studies have involved concurrent vitamin C sup- 
plementation with other vitamins and antioxi- 
dants. Synergistic improvements in sperm 
motility and concentration have been seen in 
combination studies with b-carotene, vitamin E, 
and zinc.'?’~'2° It is therefore difficult to discern 
the actual effects of vitamin C solely on sperm 
production and function because the positive 
findings in many studies could reflect the syner- 
gistic effect of multiple agents and cofactors. 
Conversely, others have failed to find any positive 
effects on semen parameters when combining 
vitamins C and E.'°° 

Daily vitamin C supplementation with at least 
200 mg has been found to improve sperm count, 
motility, and viability in heavy smokers.‘*' In this 
study, a direct correlation between serum and 
seminal vitamin C concentrations and sperm qual- 
ity improvement was reported. Daily intake of 
vitamin C up to 1000 mg demonstrated the most 
change compared with lower doses, with a 34% 
improvement in viability and count, 5% improve- 
ment in motility, and 33% improvement in 
morphology over baseline (P<.05). Other studies 
have also demonstrated improvements in sperm 
motility with daily doses more than 1000 mg. 13? 

Vitamin C is easily obtained from a multitude of 
fruits (citrus, kiwi, papaya, strawberry, and so 
forth) and vegetables (bell pepper, broccoli, 
cauliflower, kale).*® It is also a common additive 
in processed foods and beverages rendering 
vitamin C deficiency (scurvy) virtually obsolete 
in industrialized nations. The RDA is 90 mg to 
maintain physiologic stores.” Doses 2 to 3 
times more than the RDA result in a significant 
portion of the vitamin being excreted. Side ef- 
fects of intake more than the daily upper limit of 
2000 mg include dyspepsia, headache, and 
increased risk of nephrolithiasis as a result of 
conversion to oxalate.*® 


Vitamin E 


Vitamin E, part of the tocopherol family, is a 
potent antioxidant that plays many important 
roles. It inhibits free-radicalinduced damage to 
cell membranes, prevents lipid peroxidation, and 
improves the activity of other antioxidants. 193-134 

An important effect of vitamin E is its ability 
to reduce seminal ROS levels in men with infer- 
tility.’ 155 A retrospective dietary survey 
and semen analysis demonstrated a direct 
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relationship between increased dietary intake of 
vitamin E and antioxidants and higher sperm 
counts and motility compared with men with low 
intake. '2° Those with higher intake had a higher 
sperm concentration of 84 million/mL and 5% 
higher sperm motility (P<.05). 

Randomized controlled trials of infertile men 
with vitamin E supplementation have demon- 
strated decreased lipid peroxidation, increased 
sperm motility, and improved pregnancy rates 
compared with those in the placebo group 
(P<.001).'°° Combination therapy with vitamin C 
demonstrated significant improvements in DNA 
fragmentation rates with TUNEL (terminal deoxy- 
nucleotide transferase-mediated dUTP nick-end 
labeling) assay improving from 22.1 before treat- 
ment to 9.1 after treatment (P<.001).'24 

Vitamin E dietary sources include fruits, vegeta- 
bles, cereals, grains, vegetable oils, wheat germ, 
eggs, dairy products, meat, and poultry. The 
RDA is 15 mg (w 23 IU).*° The upper daily limit 
is 1000 mg (w 1600 IU),''° although no ill effects 
were seen in those taking up to 2000 mg 
(w 3200 IU) daily. 137 

Supplementation is not benign, however. 
Recent studies have found that vitamin doses 
greater than 400 IU/d increase the risk of cardio- 
vascular complications, especially heart failure, 
as well as all-cause mortality, and offer no protec- 
tion against cancer.'*°:'9° It has been well estab- 
lished that higher doses greater than 800 IU/d 
can increase its antiplatelet effects and bleeding 
risks. 14? It can also mimic or potentiate the effects 
of warfarin'*’ by blocking the conversion of 
vitamin K to its active form at doses as low as 
100 mg.*®8 

Potential side effects include fatigue, Gl 
distress, headache, muscle weakness, rash, 
vision changes, bruising, and bleeding complica- 
tions.*° Patients with bleeding disorders or 
requiring antiplatelet or anticlotting medications 
should be advised against additional vitamin E 
supplementation beyond daily dietary intake. 


Zinc 


Zinc is a cofactor for many enzymes involved in 
DNA transcription and protein synthesis.® It has 
antiapoptotic and antioxidant properties and plays 
an important role in human immune function. 14? 
Zinc is therefore an important component in the 
many physiologic processes involved in human 
growth and development. 143 

Within male reproduction, zinc is involved in 
testicular development and steroidogenesis, 
spermatozoa oxygen management, nuclear chro- 
matin condensation, acrosome reaction, acrosin 


activity, sperm chromatin stabilization, and 5a- 
dihydrotestosterone production. Because of its 
importance, zinc is found in high concentrations 
within the male genitourinary tract, especially in 
the prostate. Zinc deficiency can be associated 
with oligospermia, decreased testosterone levels, 
and compromised function of the immune 
system. 144 

Zinc taken with vitamins C and E has been 
demonstrated to increase sperm motility by 
24% (P<.001), increase the antioxidant carrying 
capacity of 6 nmol/L (P<.001), decrease ROS 
by 5 nmol/L (P<.001), and decrease sperm 
apoptosis and DNA fragmentation.'?° High die- 
tary zinc intake of up to 74 mg daily with folate 
and antioxidants decreased the frequency of dis- 
omy X by 50% (P<.001) in a study of 89 healthy 
men with sperm aneuploidy. '” 

Zinc is present in plants from soil absorption. 
Wheat and seeds (ie, pumpkin, sesame, sun- 
flower, and so forth) have the highest concentra- 
tion.*® In the western diet, most zinc is obtained 
through beef intake secondarily. 14° Zinc deficiency 
is unlikely in industrialized areas because of its 
availability and addition to many processed food 
products. 

The RDA is 11 mg and the upper limit is 40 mg 
daily.'*' Intake more than 200 mg can result in 
GI problems, gastric ulcers, loss of appetite, dehy- 
dration, headaches, and rash.*® Excessive intake 
more than 450 mg daily can lead to altered iron 
function, decreased copper levels, reduced im- 
mune function, reduced high-density lipoprotein 
levels, and sideroblastic anemia. 14° 


DISCUSSION 


Nutraceuticals are heavily marketed to infertile 
couples without much proven scientific data or 
careful screening by the United States Food and 
Drug Administration. Despite an abundance of 
studies on nutraceuticals and their supplement 
counterparts and their effects on semen parame- 
ters and pregnancy outcomes, there is no stan- 
dardization of testing or dosing regimen. The 
lack of uniformity between the studies makes 
direct comparisons difficult at best. 

Current available nutraceutical and supplement 
studies have a different weaknesses including 
small sample size, short duration studies, lack of 
randomization or double blinding, and lack of 
dose standardization.'*° Single agent efficacy is 
also difficult to discern because of simultaneous 
multisupplement studies resulting in the inability 
to appreciate synergistic versus antagonistic 
effects of certain agents. Many studies lack 


control over baseline dietary intake thereby mak- 
ing outcomes difficult to interpret. 

Antioxidant use and male infertility were re- 
viewed extensively in a Cochrane Collaboration in 
2011.147 Their pooled analysis included 34 ran- 
domized controlled trials with 2876 couples being 
treated. Men treated with antioxidants had a statis- 
tically significant increase in pregnancy rates 
(pooled odds ratio [OR] 4.18, 95% confidence in- 
terval [Cl] 2.65-6.59; P<.0001) and live birth rates 
(pooled OR 4.85, 95% CI 1.92-12.24; P 5 .0008) 
compared with those on placebo. Conclusions as 
to whether antioxidant therapy was beneficial to 
semen parameters could not be reached because 
of the low-quality evidence in the 34 studies. 

This article has reviewed the major nutraceuti- 
cals readily available and presented their effects 
on male fertility as well as their potential complica- 
tions. It seems that a balanced diet and selective 
supplementation may have potential positive 
effects on male fertility thereby improving concep- 
tion rates. Excessive intake can also have negative 
consequences (see Table 1). Care must be taken 
with isoflavone intake given the potential for nega- 
tive hormonal effects. 


SUM MARY 


Infertile couples are likely to try multiple nutraceut- 
icals hoping to improve their chances of concep- 
tion with minimal risk and cost before proceeding 
with ART. The current English literature is full of 
studies espousing the positive effects of nutra- 
ceuticals on semen parameters and pregnancy 
rates. Conclusions regarding their effects on 
male subfertility could not be identified, however 
a recent Cochrane review in 2011 did demonstrate 
improved pregnancy and live birth rates. '*” Based 
on this review, the authors caution against the 
widespread adoption of nutraceutical supplemen- 
tation beyond that obtained through a well- 
rounded balanced diet. 
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KEY POINTS 


[he goal of epidemiologic research is to describe and interpret patterns of disease occurrence in 


populations in order to generate knowledge that can be used to prevent and/or treat disease. 


[The epidemiology of male infertility is difficult to study for well-described reasons: 


[Male infertility is not a reportable disease. 


[Male infertility is diagnosed and treated in the outpatient clinical setting. 
[Infertility care is often paid for out of pocket and, therefore, may not be noted on insurance billing. 
[=Frequently, the empiric treatment of male factor infertility involves assisted reproductive technol- 
ogy (in vitro fertilization) that primarily treats the female partner. 
[Ehe true nature of male infertility incidence remains elusive and the prevalence has been weakly 


estimated in heterogeneous studies. 


[Equally perplexing is the assertion of a global decline in male infertility, with many contradictory 


studies leading to significant debate. 


[One consistency throughout this review of literature is that male infertility is variable, with a multi- 
tude of influencing factors (race, country, geography, and unique at-risk groups), many of which 


need further study to better characterize them. 


[Future, large-scale, prospective epidemiologic studies may help physicians bridge these gaps in 


understanding male infertility. 


INTRODUCTION 


Understanding the occurrence of disease in a pop- 
ulation is important because it allows both quanti- 
fying and qualifying the burden of disease. Gaining 
such an understanding allows for societal pre- 
paredness, provides direction to scientists, and al- 
lows health care providers to counsel patients 
appropriately. Recently, infertility has been desig- 
nated as a disease according to the Americans 
with Disabilities Act. This represents a difference 
from prior thinking, wherein infertility was deemed 
a disorder of inconvenience and its treatment 


Funding Sources: None. 
Conflict of Interest: None. 


considered elective. In contrast, a disease is 
defined as any deviation from or interruption of 
the normal structure or function of any part, organ, 
system, or combination thereof of the body that is 
manifested by a characteristic set of symptoms or 
signs. Based on this definition, male infertility 
meets these criteria. 

The purpose of this review is to integrate under- 
standing of epidemiology and infertility. A primer 
on epidemiologic science is provided and an 
example disease presented for which the design 
of epidemiologic investigations is readily apparent. 
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Key features are then described of infertility that 
limit epidemiologic investigation and a survey of 
available data on the epidemiology of infertility 
provided. Finally, the work that must be completed 
to move this area of research forward is proposed 
and what the epidemiology of infertility may be 
able to teach 20 years from now described. Lastly, 
with this new perspective of “infertility as a dis- 
ease,” improvements in public health that may 
be gained through improved understanding of 
the epidemiology of male infertility are envisioned. 


EPIDEMIOLOGY 


The goal of epidemiologic research is to describe 
and interpret patterns of disease occurrence in 
populations in order to generate knowledge that 
can be used to prevent and/or treat disease. A 
majority of epidemiologic studies are based on 
the concept of identifying all cases of a disease 
in a defined population at risk. These disease 
cases are then studied in relation to the base 
population, from which they arose, in an effort to 
better understand the condition, generally for ther- 
apeutic purposes. ' 

To better understand the power of epidemio- 
logic research, it is useful to imagine a fictitious, 
prototypic disease, Disease Z (DZ). Imagine that 
several decades ago a physician was at a commu- 
nity hospital when he identified a patient with a 
unique set of symptoms and signs that led to 
severe respiratory failure requiring hospitalization. 
The patient had a circular rash on his chest unlike 
any the doctor had ever seen. This initially seemed 
an isolated case of disease but, over the next 
3 months, the same physician cared for several 
more patients with respiratory disease of identical 
quality, all with the circular rash. The doctor 
described this case series in the Miscellaneous 
Journal of Disease, where he noted the pathog- 
nomonic finding of a circular rash, and he gave it 
the name, DZ. As a result of his publication, cases 
of DZ began being reported across the country 
with subsequent publication of several descriptive 
analyses from different hospitals. Doctors began 
to suspect that DZ accounted for more than 20% 
of patients who were hospitalized for acute respi- 
ratory failure. Because of the frequency, severity, 
and life-threatening nature of DZ, the Centers for 
Disease Control and Prevention (CDC) instituted 
a requirement that each case of DZ be reported 
to state public health authorities. No case of DZ 
escaped recognition due to the need for hospital- 
ization and the unambiguous findings that made 
the diagnosis. The cause of DZ remained unclear 
and various therapies were trialed, including 
antibiotics, antifungals, and antiviral therapies; 


however, no one treatment seemed superior to 
another and patients with DZ did uniformly poorly, 
often never regaining normal pulmonary function. 
Two years after the first patient was identified 
with DZ, a researcher in Boston identified 51 
patients hospitalized with DZ in a single city over 
a 1-year period. He compared these individuals 
with a second group of 290 patients, hospitalized 
in the same locations with routine viral or bacterial 
(non-DZ) pneumonia. His research team systemat- 
ically reviewed the hospital records and, when 
necessary, interviewed the patients, their families, 
and their doctors. They compared the patients 
by age, race, occupation, socioeconomic status, 
and place of residence. They also compared 
patients by their other medical illnesses, medica- 
tions, and their lifestyle habits, including tobacco 
smoking, alcohol consumption, and dietary habits. 
In doing so, they investigated no fewer than 45 
potential risk factors as part of the same basic 
research design: studying each factor required 
just gathering more information about each sub- 
ject. Furthermore, the information needed on 
these cases of DZ and the controls without DZ 
generally concerned events that had already 
happened by the time of data collection; therefore, 
the study could be completed quickly. As a result 
of this study, 2 factors, X and Y, were found asso- 
ciated with DZ, and patients with DZ had 3 and 4 
times the exposure to X and Y, respectively, 
compared with those without DZ. When the 
research performed an analysis that grouped indi- 
viduals by their race, it seemed that the associa- 
tion between X and Y and DZ was far more 
pronounced in patients of Asian descent relative 
to other patients. These findings prompted 
another group of doctors to treat their patients 
with DZ with a drug (Drug A) that was known to 
counter the effects of X and Y, and early success 
was reported in several observational studies. 
These strong associations also prompted the 
National Institutes of Health to sponsor a DZ 
prevention and treatment trial. This randomized 
controlled trial was specifically oversampled for 
Asian Americans and assigned one group to 
Drug A and the other to placebo. Among those 
individuals treated with Drug A, no cases of DZ 
developed compared with those not treated, in 
whom 10% developed DZ. 

The story of DZ could go on further; however, it 
is clear from this narrative how epidemiologic 
research has the power to alter the future of DZ: 


Elt can identify the occurrence of disease in a 
base population. 

[Elt can acknowledge an increase incidence in 
disease over time. 


[Elt can identify risk factors for the disease that 
can narrow the search for a cause. 

[2And, it can identify subgroups of individuals 

who have elevated risk for disease, eventually 

designing interventional trials of prevention or 

treatment. 


As with DZ, the full evaluation of any disease or 
condition that affects the human condition re- 
quires epidemiologic study if understanding and 
advancements in treatment are to be made. The 
study of male infertility is no exception. 

In 2007, the Urologic Diseases of America (UDA) 
project consolidated the available literature and 
data on male infertility in an attempt to better 
understand the burden of disease.* Unfortunately, 
the authors thought that insufficient data and 
literature were available to draw meaningful con- 
clusions about the cause of infertility and the char- 
acteristics of infertile men. 

To better define the disease demographics 
of male infertility, the authors think the epidemio- 
logic characteristics of interest should include dis- 
ease incidence, secular or birth cohort trends in 
diagnosis, racial variation, geographic variation, 
and infertility in unique exposure populations. 


INFERTILITY 


Infertility is the inability to conceive after 12 months 
of regular, unprotected intercourse? and infertility 
affects approximately 15% to 20% of all cou- 
ples.*~” The study of male infertility specifically 
presents a vexing clinical problem because both 
male and female partners make an independent 
contribution to a couple’s fertility; however, the 
outcomes of fertility are only manifested by 
conception or giving birth to a child. As a result, 
epidemiologic studies of male infertility present a 
formidable challenge, because the primary 
outcome of interest may be difficult to link to the 
male partner. This difficulty in confirming which 
partner makes the greatest contribution to a 
couple’s disease is a distinguishing characteristic 
of infertility and should be contrasted with DZ, in 
which pathognomonic findings make for diag- 
nostic certainty. 

Historically, epidemiologic and outcomes re- 
search has benefited from large repositories of 
administrative and reportable data. Such reposi- 
tories take the form of insurance or Medicare 
claims, hospitalization records, or requirements 
from the federal government to report specific 
diseases and outcomes. There are limits to these 
types of data, however; such data derive strength 
in numbers and have the ability to represent large 
segments of the US population. Furthermore, 
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these data sets are able to derive prevalence 
and, on occasion, incidence of a disease in a 
population at risk and help quantify disease 
burden. Understanding of these disease pro- 
cesses can then stimulate further research and, 
potentially, therapeutic innovations focused on 
the affected population. 

There are several factors that have impeded the 
study of male infertility: 


[Male infertility is not a reportable disease. 

[EFor example, a diagnosis of prostate 
cancer is easily found within large-scale 
databases such as the Surveillance, Epi- 
demiology and End Results database. 
Epidemiologic data are easily queried to 
quantify many aspects of disease, including 
prevalence, treatment outcomes, and sur- 
vival characteristics, with the goal of 
improved therapies over time. 

[Male infertility is diagnosed and treated in the 
outpatient clinical setting. 

EbDutpatient data are not accrued into 
large databases and, therefore, quantifying 
disease burden effectively is often not 
possible. 

[Infertility care is often paid for out of pocket 
and, therefore, may not be noted on insurance 
billing. 

[For obvious reasons, if there are no insur- 
ance claims to track diagnoses and treat- 
ments of a disease, it is difficult to quantify 
its true nature. 

[Frequently, the empiric treatment of male 
factor infertility involves assisted reproductive 
technology (in vitro fertilization) that primarily 
treats the female partner.? 

Ehe CDC tracks in vitro fertilization out- 
comes and requires that an actual cause 
be assigned for the woman whereas only 
a single variable, “Male Factor—Yes/No,” is 
assigned for men. 


Whereas data were able to be compiled on DZ 
for advancement in understanding, given these 
described limitations with male infertility, there 
are neither repositories of data nor readily avail- 
able means of identifying a population-based 
sample of infertile men in government, hospital, 
or standard claims data. As a result, most studies 
of male infertility to date have been case series 
data typically drawn from tertiary care or referral 
centers, population-based surveys, or high-risk 
occupational cohorts. For these reasons, a clear 
picture of the epidemiology or the underlying 
causes of male infertility in a population represen- 
tative sample has never emerged.®'° 
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MALE INFERTILITY 


Several areas of investigation provide evidence for 
the public health burden of male infertility. Reports 
have suggested that male infertility has been 
increasing over the past several decades; however, 
the extent and causes of declining male reproduc- 
tive health remain largely unknown. The assertion 
that male infertility is increasing on a global level 
is controversial and challenging to confirm.® 1112 
Beyond the increasing burden of disease, male 
infertility causes significant psychosocial and mar- 
ital stress®:'°'* and is associated with a high cost 
of infertility care. Recent work has suggested 
that male infertility may be associated with reduced 
longevity? and that male factor infertility is an 
increased risk factor for certain malignancies.'° 
Although the cause of male infertility is understood 
in some cases (eg, cryptorchidism, specific genetic 
causes, and medical disease), most cases are due 
to poor semen quality (oligozoospermia, astheno- 
zoospermia, or teratozoospermia—alone or in 
combination) of unknown causes.'° Additionally, 
up to 12% of couples have no identifiable cause 
of infertility.” 


INCIDENCE OF MALE INFERTILITY 


Incidence is defined as the number of new cases 
of a disease in a specific population at risk over 
a specific period of time. This is in contrast to prev- 
alence, which is defined as the total number of 
cases of disease (both old and new) present in a 
specified population at a single point in time. 
These terms are occasionally used incorrectly in 
medical literature but have important distinctions 
(Fig. 1). Incidence is a rate at which a new disease 


occurs and is described as “cases per Xnumber of 
person-time.” Prevalence, alternatively, is gener- 
ally easier to calculate given that it may be as- 
sessed at a single point in time and is presented 
as a proportion of the total (%). 

In order to calculate a disease incidence or prev- 
alence, the base population at risk for a disease 
must first be defined. In the DZ example, all indi- 
viduals in the Boston area were at risk for the 
disease; therefore, they comprise the denominator 
of the equation whereas new cases of DZ are the 
numerator. Frequently it is easiest to define a 
population at risk by geography, because popula- 
tion census data may be used as the denominator 
and, to date, most studies aimed at describing the 
incidence or prevalence of male infertility have 
done so for specific geographic regions. 

Several efforts have been made to quantify the 
burden of infertility in certain parts of the world 
(Table 1). Thonneau and colleagues‘? deployed a 
cross-sectional design and conducted a large- 
scale survey of 1686 couples who were at risk for 
infertility in a specific French region in 1991. They 
were able to quantify prevalence despite the title 
mentioning incidence of infertility. Their principle 
findings were 14.1% overall infertility, with 39% 
having both a male and female component and 
approximately 20% due to male factors alone. 

In 1994, Gunnell and Ewings® sent a postal 
questionnaire to 3141 British women. With a 
response rate of 76.7%, the overall prevalence of 
primary infertility was 16.1% and of secondary 
infertility was 15.8%; 26.4% of women were likely 
to suffer from infertility at some point in their lives. 
A component of male infertility could certainly be 
at play in the population; however, only female 
outcomes were described. 


Prevalence Incidence 
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© (a, oO oO © 
© (am oO © © © 
© (am, (am 
O © © (am © (am) 
A Specific Point In Time Time Zero Change Over Time (e.g. Years) 


Fig. 1. Conceptual model detailing the difference between prevalence and incidence. Yellow circlesrepresent dis- 
ease of interest and blue circlesrepresent controls. Prevalence involvesa snapshot of the disease burden, whereas 
incidence describes new events of disease over a given time period. 


Table 1 
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Examples of population-based studies focused on describing the scope of infertility in men and 


women 


Title 


Incidence and main 


Author, Year 


Thonneau et al, ‘© 


Population 
1686 Couples 


Female Male Both? 
Factor? (%) Factor? (%) (%) 


30 20 39 


causes of infertility in 1991 
a resident population 
(1,850,000) of three 

French regions 

(1988-1989) 


Infertility prevalence, 


needs assessment 

and purchasing 
Estimation of the 

prevalence and 


causes of infertility 


in Western Gberia 
High prevalence of 


Gunnell & Ewings,° 
1994 


Philippov et al,° 
1998 


Ikechebelu et al, 18 


3141 Surveyed 
women 


2000 Married 
women surveyed, 
186 couples 


314 Couples 


male infertility in 2003 
southeastern Nigeria 


Clinical patterns and 


Bayasgalan et al,'° 
major causes of 2004 
infertility in Mongolia 


Philippov and colleagues® studied 2000, ran- 
domly selected, married women in Tomsk, West 
Siberia, using World Health Organization (WHO) 
questionnaire data. These revealed an overall 
infertility of 16.7% (3.8% primary and 12.9% sec- 
ondary) with 52.7% and 6.4% attributed to female 
and male factors, respectively. The high rate of 
female factors was thought related to a high rate 
of complications after births (24.1%) and artificial 
performed abortions. In 38.7%, both partners suf- 
fered from infertility factors. 

In 2003, a Nigerian study revealed an inordi- 
nately high prevalence of male infertility in the 
country’s southeastern region. Ikechebelu and 
colleagues? performed a retrospective review of 
314 couples evaluated for infertility in gynecologic 
clinics at 2 hospitals between 1997 and 1998. Male 
factor infertility was estimated at 42.4% whereas 
female factors were estimated at 25.8%. In 
20.7% of couples, both partners were affected. 
Sexual promiscuity and sexually transmitted 
diseases (and inadequate treatment) have been 
implicated in the high rate of male factors. 

Finally, a similar retrospective review was per- 
formed in Mongolia at the State Research Center 
on Maternal Child Health in Ulaanbaatar. Bayas- 
galan and colleagues‘? found that female factors 
accounted for 45.8% and male factors for 
25.6%, and 18.8% of couples had both male and 
female factors. High percentages of female 


430 Couples 


infertility were thought related to pelvic inflamma- 
tory disease (PID) because 25% of women had 1 
or more episodes of PID and 32.8% of female fac- 
tors of infertility were tubal in origin. 

An overall view of these studies reveals that 
some attempted to quantify prevalence, but most 
were descriptive in nature, and none was able to 
define the incidence of male infertility. These 
studies suggest that male factor infertility can 
vary widely based on geography (eg, Nigeria vs 
Mongolia) as well as inherent risk factors. Forget- 
ting the differences in methodology of these 
studies and evaluating additional existing literature, 
a component of male factor infertility may range 
widely, from 6% to 50%, with many groups esti- 
mating 30% to 50% .2:4:9:7:16.18-22 

In the United States, the UDA project made 
an initial effort to quantify male infertility in the 
United States. Meacham and colleagues used a 
variety of databases (Center for Health Care Eval- 
uation, Healthcare Cost and Utilization Project, 
National Survey of Ambulatory Surgery, National 
Ambulatory Medical Care Survey, Veterans Health 
Administration, Society for Assisted Reproductive, 
Technology, and others) to explore many aspects 
of this topic.” These investigators speculated that 
infertility due to male factors alone might be closer 
to the 30% when accounting for bias (selection 
bias based on differential referral, modification of 
risk behavior based on reproductive outcomes, 


199 


200 


Winters & Walsh 


and so forth) and study methodology in the exist- 
ing available literature.*~* 

The true extent of male infertility is likely 
underestimated due to a lack male evaluation 
in infertile couples. Eisenberg and colleagues’? 
recently evaluated frequency of the male infertility 
evaluation using National Survey of Family 
Growth (NSFG) data and found that 18% to 
27% of men within infertile couples were not eval- 
uated, which corresponds to 370,000 to 860,000 
men who may have undiagnosed male factor 
infertility. Additional studies have shown that 
race, education level, and socioeconomic status 
can also be significant predictors of infertility utili- 
zation, potentially leaving many at-risk men undi- 
agnosed. For example, Hotaling and colleagues”° 
examined data from the 2002 NSFG (cycle 6) and 
found college or advanced degree and marital 
status significantly associated with infertility care 
whereas income, increasing number of children, 
age, religion, and private insurance were all asso- 
ciated on bivariate but not multivariate models for 
infertility resource utilization. Given these findings, 
the investigators concluded that the current avail- 
able data garnered on male infertility from centers 
of excellence case series might not reflect the 
true population at risk. 

Together these data suggest that male factor 
infertility comprises a significant component of 
global infertility and needs to be better quantified 
and qualified with larger-scale, well-controlled, 
population-based studies. 


SECULAR OR BIRTH COHORT TRENDS IN 
DIAGNOSIS 


Secular trends refer to the changes in incidence of 
pattern of disease that occur over time. Presum- 
ably, such changes reflect ever-changing expo- 
sures that occur as a result of a population’s 
changing environment. This is in distinction to birth 
cohort trends that refer to changes in incidence or 
pattern of disease that result from the era in which 
an individual was born. For example, during the 
era of diethylstilbestrol use as a means of control- 
ling preterm labor, children born (in the 1950s and 
1960s) to women who used the drug are now at 
risk for breast cancer and reproductive disease. 
There are few data on birth cohort trends in 
diagnosis and the majority of male infertility litera- 
ture examining this relationship involves semen 
analysis. In 1992, Carlsen and colleagues'* made 
the first attempt to quantify changes in semen 
quality (and, in theory, male infertility). This group 
evaluated 61 articles addressing this question, 
spanning from 1938 to 1991, including 14,947 
subjects. Their findings based on linear regression 


revealed a significant decrease in mean sperm 
count (113-66 million/mL) and volume (3.4— 
2.75 mL) over this 53-year period. Using the 
WHO definition of normal semen parameters 
(count >20 million/mL, volume 2-6 mL),’ whether 
this decrease makes an appreciable impact on 
male factor infertility is unclear but teleologically 
makes sense. 

This study was scrutinized by Fisch and Golub- 
off?’ (among many others), who pointed out signif- 
icant flaws within the analysis. These investigators 
re-evaluated the 61 studies described but limited 
their analysis to more robust studies with sample 
sizes greater than or equal to 100 men. They found 
a significant trend toward geographic variation 
(eg, high counts in the United States in early years 
vs low counts in developing countries in later 
years) and suggested comparing markedly dif- 
ferent populations may simply reflect “clustering 
of significant geographic variations rather than a 
decline over time.”*’ Further scrutiny suggested 
other flaws, including high variability of methods 
for sperm collection, lack of control for absti- 
nence, smoking and drug use, and failure to 
include some positive studies.2° In a re-analysis 
of Carlsen and colleagues’ data, however, Swan 
and colleagues*® found significant declines in 
sperm density in the United States, Europe, and 
Australia when controlling for abstinence, age, 
percent of men with proved fertility, and specimen 
collection method. 


As one can see, the data is mixed with the following 

two examples yielding different conclusions: 

1. In 1996, Fisch and colleagues*° performed a 
retrospective review of semen parameters in 
1283 men at 3 United States sperm banks 
over a 25-year period. When controlling for 
age and duration of abstinence, this review 
found a slight increase in mean sperm concen- 
tration but no change in semen volume or 
motility over time. 

2. A more recent review by Rolland and col- 
leagues?’ from a representative population in 
France looked at partners of women undergoing 
assisted reproductive technology procedures 
and showed a decline in semen concentration 
and normal morphology over a 17-year period. 


Many other studies exist with equally conflicting 
results. For example, a recent systematic review 
looking at 35 major semen analysis studies showed 
a total of 8 (18,109 men) suggesting a decline over 
time; 21 (112,386 men) showing no change or an in- 
crease in semen quality; and 6 (26,007 men) 
showing ambiguous or conflicting results.2° Well- 
controlled, prospective data are needed to examine 
this question further. 


RACIAL VARIATION 


Data on male factor infertility as it pertains to race 
are lacking in the current literature. Age-adjusted, 
VA-based data have shown that Hispanic men 
have the highest frequency of treatment of male 
factor infertility, followed by African Americans, 
then whites. This is in opposition to National 
Ambulatory Medical Care Survey data suggesting 
a higher utilization of male infertility treatment 
therapies in white men in the private sector.” Addi- 
tionally, recent data from the NSFG suggest 
that white individuals are more likely to undergo 
infertility evaluations than other races.” The 
cause of discrepancy between these populations 
is unclear. In a recent study looking at an equal 
access no-cost health care system, military 
personnel seeking treatment showed no signifi- 
cant trends in race, and the race distribution was 
balanced, based on enlisted demographics. °* 

In 2008, Walsh and VanDenEeden described a 
cohort of men who were evaluated for infertility 
within Kaiser Permanente of Northern California 
(KPNC). KPNC offered a unique opportunity to 
investigate male infertility in a population-based 
cohort of men given that it is an integrated health 
delivery system for more than 3.2 million members 
(>2 million adults; 48% men)and provides compre- 
hensive health care to 43% of covered lives in 
Northern California. KPNC is also known to provide 
care to a racially and ethnically diverse population 
that is generally not seen in other referral centers. 
In this work, the investigators queried a population 
database of more than 1.5 million men older than 
18 years and found approximately 30,000 men 
evaluated for infertility by semen analysis. Overall, 
there was a 36% prevalence of semen abnormal- 
ities, with clear association between advancing 
age and an increasing proportion of abnormalities. 
Of greater significance, however, was the finding 
that 49% of African Americans were found to 
have an abnormal test compared with 37% , 38%, 
and 39% of white, Asian, and Hispanic men, 
respectively.°° 


GEOGRAPHIC VARIATION 


When looking at men seeking care, data from the 
National Survey of Ambulatory Surgery in the 
mid-90s revealed a tendency toward increased 
outpatient visits in the Northeastern United States 
followed by the South, Midwest, and the West.” 
This is potentially due to the preponderance of 
infertility clinics in the Northeast compared with 
the rest of the United States. A more recent review 
of these data suggests that this finding persists 
in 2009.°* Geographic differences in insurance 
coverage may also play a role in this trend. 


The Epidemiology of Male Infertility 


In a study by Swan and colleagues? looking at 
geographic variations in semen quality of 512 
fertile couples in 4 cities across the United States 
(Columbia, Mississippi; Minneapolis, Minnesota; 
New York, New York; Los Angeles, California), 
sperm concentration and motility were found 
reduced in semirural and agricultural areas rela- 
tive to more urban settings. This association sug- 
gests that male factor infertility can likewise be 
affected in these regions. This is further corrobo- 
rated by large meta-analyses, systematic reviews, 
and other individual studies showing stark differ- 
ences in sperm counts varying between countries, 
both industrialized and not.'*?’°' Additionally, 
exposure to various environmental toxins and 
trends in genitourinary infections based on geog- 
raphy can contribute to male infertility. '°:22-°°°® 


INFERTILITY IN UNIQUE EXPOSURE 
POPULATIONS: OBESITY AS AN EXAMPLE 


The WHO body mass index (BMI) categories are 
less than 18.5 (underweight), 18.5 to 24.9 (normal), 
25.0 to 29.9 (overweight), 30 to 39.9 (obese), and 
greater than 40 (morbidly obese).°° Using these 
definitions, data from the 2009-2010 National 
Health and Nutrition Examination Survey indicate 
that 35.7% of the United States population is 
obese, which equates to approximately 37 million 
men over the age of 20.*° Although there is well- 
known morbidity associated with chronic obesity, 
including heart disease, stroke, type 2 diabetes 
mellitus, and certain types of cancer, whether 
this plays a significant role in male factor infertility 
is a subject of debate. 

Using the definition of infertility as the inability to 
conceive after 12 months of regular unprotected 
intercourse, data from epidemiologic studies, 
including the Agricultural Health Study (a large- 
scale study of 1300 couples, studying pesticide 
applicators and their spouses),*'“* the Danish 
National Birth Cohort (10,000 pregnant women 
interviewed for subfecundity relative to spouse 
BMl),4° and the Norwegian Mother and Child 
Cohort Study (26,000 pregnant women assessed 
for infertility relative to spouse BMI) suggest a 
dose-response increase in male infertility with 
increasing BMI.** There were, however, limitations 
to each of these analyses, calling applicability into 
question.** For example, in the latter 2 analyses, 
only pregnant women were surveyed, indicating 
a selection bias, whereas in the Agricultural Health 
Study, there were confounders, including pesti- 
cide exposure (a well-known gonadotoxin*°) and 
a significantly higher overall infertility rate of 28%. 

Data regarding semen are also conflicting in 
regards to obesity. Studies have shown obesity 
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can have a negative effect on both sperm count*° 
and motility, with limited data on morphologic 
effects. Kort and colleagues*® also showed evi- 
dence of increased DNA fragmentation correlated 
with obesity. These studies (and others) were 
examined in a large systematic review and meta- 
analysis looking at semen parameters in obesity. 
Although some studies did show a trend with 
adverse effects of obesity on sperm parameters, 
the trend of all the available research did not sup- 
port definitive conclusions.*” An updated system- 
atic review by Sermondade and colleagues,*® 
looking at sperm count alone, re-reviewed the 
data of these studies (plus additional data col- 
lected in the interim) and concluded that elevated 
BMI (both overweight and obese categories) was 
associated with significantly decreased sperm 
counts, defined as less than 40 million per ejacu- 
late. Their findings revealed a J-shaped curve 
with a nonsignificant increase in decreased sperm 
counts with underweight individuals. Whether this 
decreased trend in sperm count, with the cutoff 
of 40 million per ejaculate, definitively manifests 
as infertility and is directly related to obesity is 
debatable. 

Obesity has also been shown in various studies 
to be associated hormonal aberrations, including 
decreased follicle-stimulating hormone and leuti- 
nizing hormone, decreased total and free testos- 
terone (T), increased estrone and estradiol (due 
to peripheral aromatization of androgens), de- 
creased inhibin B levels (a marker for Sertoli cell 
function), and reduced sex hormone-binding 
globulin (SHBG) (thought to be related to insulin 
resistance in obesity and poor hepatic synthetic 
function), all of which can interfere with male 
reproduction through various mechanisms.“ A 
meta-analysis and review of these studies by 
MacDonald and colleagues*’ found a strong 
negative relationship between BMI and T and 
SHBG but no definitive conclusions about the 
more biologically active free T. Findings regarding 
estradiol were mixed overall and available data did 
show a decrease in inhibin B with elevated BMI. 
The available data seem to show trends in obesity 
effects on male infertility through hormonal mech- 
anisms; however, further study is required for 
more definitive conclusions. 

Finally, obesity increases the risk of erectile 
dysfunction*® and erectile dysfunction is more 
common in infertile men.°° This may be explained 
by the decreased T levels in obese males as well 
as increased circulating proinflammatory cyto- 
kines found in obesity (postulated to interfere via 
nitric oxide pathway).*" 

Together these findings show a complicated 
relationship between obesity and male infertility 


and suggest further study is needed to understand 
the true pathologic relationship between obesity 
and male factor infertility. 

Although obesity is one example of a potential 
risk factor of male infertility in a unique exposure 
population, it illustrates the need to examine all 
potential associated risk factors. In the DZ 
example, studying separate risk factors within 
different groups led to development of specific 
targeted therapies. This remains the goal in treat- 
ment of male factor infertility. 


SUMMARY AND LIMITS TO EPIDEMIOLOGIC 
ANALYSIS OF MALE INFERTILITY 


Understanding the occurrence of disease in a 
population is important because is allows both 
quantifying and qualifying the burden of disease. 
As in the hypothetical example of DZ, epidemi- 
ology can help make advancements in both under- 
standing and treatment of disease for the 
improved care of patients. 

The epidemiology of male infertility is difficult to 
study for well-described reasons, including not 
being a reportable disease, predominantly outpa- 
tient treatment, lack of insurance coverage and 
paying out of pocket, and underestimation of out- 
comes based on the nature of male and female 
fecundity. 

The true nature of male infertility incidence 
remains elusive and the prevalence has been 
weakly estimated in heterogeneous studies. 
Equally perplexing is the assertion of a global 
decline in male infertility, with many contradictory 
studies in the available literature leading to signif- 
icant debate. Perhaps the only consistency 
throughout this review is that male infertility is 
variable with a multitude of influencing factors 
(race, country, geography, unique at-risk groups, 
and so forth), many of which need further study 
to better characterize them. In the end, future 
large-scale, prospective, epidemiologic studies 
may help physicians bridge these gaps in 
understanding. 


RESEARCH MOVING FORWARD 


A potential goal moving forward is to establish a 
large, diverse longitudinal cohort of men with infer- 
tility. This cohort could be compared with appro- 
priately matched populations, including fertile 
men with infertile or fertile partners or a general 
population of age-matched men. These data 
would then be linked to socioeconomic and envi- 
ronmental variables and, depending on the ques- 
tion asked, the epidemiologic data could spur 
new research avenues and treatments. 


A proposed framework to answer continued 
questions about male infertility: 


[Establish a longitudinal database and register 
all men with infertility. 

[Accrue subjects from all possible care centers 
and varied backgrounds. 

[Follow detailed variables on these patients 
over time (eg, laboratory data). 

[Link these data to other national databases 


and/or disease registries. 


[Glink assisted reproductive technology or 


intervention data to patient outcomes. 


[EUse these epidemiologic findings to further 


elucidate the nature of disease and improve 
patient outcomes. 
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KEY POINTS 


[Most patients in the United States with reproductive health disorders are not covered by their health 


insurance for these problems. 


[Health insurance plans consider reproductive care as a lifestyle choice, not as a disease. 

Elf coverage is provided it is, most often, directed to female factor infertility and advanced reproduc- 
tive techniques, ignoring male factor reproductive disorders. 

[This article reviews the history of reproductive health care delivery and its present state, and con- 


siders its possible future direction. 


INTRODUCTION 


With the passage of the Affordable Care Act (ACA) 
and the affirmative ruling on it by the Supreme 
Court, the United States is undergoing a major 
change in health care delivery." This process is 
likely to evolve over several years and will lead to 
substantive changes in reimbursement models 
for health care providers and patients. The ACA in- 
cludes a variety of concepts and buzzwords such 
as global payments and accountable care organi- 
zations, and suggests the end of fee-for-service 
medicine. What the final product will look like is 
not clear, but as health care costs continue to 
escalate at unsustainable rates it is inevitable 
that significant changes lie ahead. 

Over the past 35 years important scientific ad- 
vances have occurred in the understanding and 
treatment of reproductive disorders. The delivery 
of, and access to, reproductive health care has re- 
mained largely outside the models for most other 
diseases, in large measure because of the failure 
of federal and third-party health insurers to recog- 
nize infertility as a disease, instead characterizing 
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reproduction as a lifestyle choice. In 2008, the 
American Society of Reproductive Medicine 
(ASRM) Practice Committee published its defini- 
tion of infertility as a disease in its journal Fertility 
and Sterility.2 

This article reviews the present state of the 
extant models for reproductive health care deliv- 
ery, the expanding recognition of infertility as a 
product of common global health concerns, and 
the disparities in access to and reimbursement 
for reproductive health care. 


WHAT CONSTITUTES REPRODUCTIVE HEALTH 
CARE? 


The traditional concept of reproductive health 
focused on the female and included diagnosis of 
pregnancy, checkups throughout pregnancy, and 
a safe delivery for both mother and baby. Female 
reproductive health extends back to antiquity 
with professional midwives assisting deliveries in 
ancient Greece and Egypt. In modern times, 
many women seek medical care before becoming 
pregnant, either for concerns related to fertility or 
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simply to optimize their health before the stresses 
of pregnancy. This optimization could include ad- 
dressing a variety of diseases, not only those 
that directly affect the reproductive tract but also 
diseases that indirectly affect a woman's ability 
to either become pregnant or to have a safe preg- 
nancy. All of these aspects of health care are 
included in the concept of reproductive health. 

In addition, sexual health for women of repro- 
ductive age, which includes sexual dysfunction, 
sexually transmitted diseases (STDs), and preven- 
tion of pregnancy, are an integral part of reproduc- 
tive health. Obstetrician-gynecologists (Ob/Gyns) 
in the United States diagnose and treat such a 
broad spectrum of illnesses outside the reproduc- 
tive tract that traditional primary-care concerns 
have become a part of Ob/Gyn training and board 
exams. More than one-third of a private Ob/Gyn’s 
nonpregnant, reproductive-aged patients use their 
Ob/Gyn as their primary care physician.* Not all 
health concerns of these patients are included un- 
der the title of reproductive health, but the concept 
of reproductive health in women, which dates 
back to ancient times, has broadened through 
the years. 

In men, reproductive health care is a more mod- 
ern concept. The mature sperm cell was first 
discovered in 1677 by Leeuwenhoek in Holland, 
and, for centuries, the only science available in 
male reproductive health was the microscopic 
analysis of semen. Through time, semen analysis 
progressed from the simple identification of the 
presence of sperm to numerous quantifiable pa- 
rameters (discussed elsewhere in this issue). 

The absence of sperm in the ejaculate is some- 
times the desired result because sterilization is 
another aspect of male reproductive health. Va- 
sectomy is a safe and effective form of contracep- 
tion and the most commonly performed urologic 
surgical procedure in the United States.°° The first 
vasectomy was performed by Cooper in the 
United Kingdom in the 1820s on a dog. Although 
human vasectomies were performed shortly there- 
after, it was not until the 1940s that the vasectomy 
gained widespread acceptance as a form of 
contraception.’ Of the approximately 500,000 va- 
sectomies performed annually in the United States 
in modern times, up to 7% to 10% of these vasec- 
tomized men eventually seek reversal.°° Recon- 
struction of the male reproductive tract for 
obstructive azoospermia remains an important 
aspect of male reproductive health. Male repro- 
ductive health includes the other aspects of sexual 
health, namely STDs and sexual/erectile dysfunc- 
tion (ED). Modern male reproductive health has 
expanded greatly as understanding of the many 
risk factors and concomitant disease states that 


can affect a man’s ability to reproduce has grown 
through time. 


CHANGES IN REPRODUCTIVE HEALTH CARE 
THROUGH TIME 


The first oral contraceptive pill (OCP) was 
approved by the US Food and Drug Administration 
for contraception in 1960, but had already been 
available since 1957 for menstrual disorders and 
an estimated half a million American women had 
already used it.° Although more than a million 
women had used the pill by the following year, 
OCPs were not legally available in all states to 
married women until 1965, and to unmarried 
women in 1972 after those rights were decided 
on in the United States Supreme Court.1™11 The 
availability of OCPs allowed women to control their 
own fertility in a reliable manner and prevent or 
delay pregnancy as they saw fit. 

The ability of women to control their fertility was 
especially useful during a time when women were 
increasingly entering the professional world. Delay 
of childbirth became a more common practice that 
continues today as women choose to better 
establish their careers or increase their financial 
position before starting a family. The US Centers 
for Disease Control and Prevention report that 
the average age of first childbirth among women 
born in 1930 was 20.8 years, in 1960 it was 
22.7 years, and today it is 25.4 years. The rate at 
which women are having their first child at more 
than the age of 30 years has increased from 
9.7% in 1995 to 13.6% in 2006 to 2010, and the 
first child at more than the age of 35 years from 
1.7% to 2.8%.'* This trend increases the need 
for reproductive health care as female fecundity 
decreases with age, particularly after 35 years of 
age. 1° 

Another important change in reproductive 
health care has been the introduction of advanced 
reproductive technologies (ART) including in vitro 
fertilization (IVF) and intracytoplasmic sperm injec- 
tion (ICSI). The first human birth via IVF occurred 
in 1978, for which Robert G. Edwards was 
awarded the Nobel Prize in Physiology or Medicine 
in 2010.'* IVF has allowed many couples with 
female and/or male factor infertility to successfully 
achieve pregnancy and birth, with more than 
4 million babies to date worldwide.'° ICSI, first 
successfully performed in 1992,'° has further 
increased the ability for couples to achieve preg- 
nancy despite the availability of few sperm 
obtained from retrieval techniques. Clinical preg- 
nancy rates of more than 40% have been reported 
with ICSI, which has seen widespread use through 
the years. '” 


MODELS OF REPRODUCTIVE HEALTH CARE 
DELIVERY 
Fee For Service 


The use of ART is expensive. The ASRM reports 
the average cost for a cycle of IVF in the United 
States is $12,400.18 The average cost per delivery 
using IVF in the United States is estimated to be 
more than $56,000.'° Although payment for care 
during pregnancy and delivery has traditionally 
been included in many forms of health care 
coverage, payment for ART and treatments related 
to infertility including procedures for men have 
largely been an out-of-pocket expense to the pa- 
tient.2° Over time, third-party health insurance 
companies began to offer coverage for infertility 
services. Each insurer offers different packages 
of coverage to different groups or employers, 
which makes data gathering difficult. Many cov- 
erage packages offer infertility services as a sepa- 
rate option to the individual, and some more 
robust packages include these services to all 
with varying levels of copay. 


State-mandated Coverage 


One of the significant changes that has occurred 
in reproductive health care reimbursement has 
been state-mandated insurance coverage of 


Table 1 
State-mandated insurance coverage of infertility treatment 
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infertility treatment. At the time of this writing, 
only 15 states have such laws and 3 of these 
only mandate that the specified insurers offer 
coverage as an option (Table 1).2° The scope of 
these laws and types of infertility treatments 
covered varies widely among these states, but is 
typically narrow in focus. These laws either 
mandate all insurers or some combination of in- 
surers for groups, individuals, employers, and/or 
health maintenance organizations to include the 
specified coverage for infertility treatments. The 
mandated coverage varies from vague statements 
that infertility services should be offered to specific 
requirements such as Maryland’s mandate of up 
to 3 rounds of IVF per live birth with a lifetime 
maximum coverage of $100,000. Several states 
have restrictive limits, such as Hawaii, which man- 
dates that 1 cycle of IVF must be covered, or 
Arkansas, which has a $15,000 lifetime maximum 
of coverage. Most of the states that do not have 
vague laws specifically mandate coverage for IVF 
and female-related diagnostic tests, procedures, 
and treatments with little or no mention regarding 
male factor infertility. Four states make mention 
of men by specifying that only the spouse’s sperm 
be used to fertilize the egg, thereby prohibiting the 
use of donor sperm. Only 7 states include lan- 
guage regarding male factor infertility. Many of 


Required 


State Coverage 


Arkansas Yes 


California No 
Connecticut 
Hawaii 


Illinois 
Louisiana 
Maryland 


Massachusetts 
Montana 
New Jersey 


New York 
Ohio 

Rhode Island 
Texas 

West Virginia 


Abbreviation: NA, not applicable. 


Maximum Lifetime Spouse’s 
Coverage Sperm Only 


$15,000 Yes 


NA No 
2 cycles IVF No 
1 cycle IVF 


6 cycles IVF 
NA 
$100,000 


No limit 
No limit 
4 cycles IVF 


No limit 

IVF optional, no limit 
$100,000 

NA 

No limit 


Male Factor Infertility 
or Treatment Mentioned 


Abnormal male factors contributing 
to infertility 

No 

No 


Abnormal male factors contributing 
to infertility 


No 
No 


Abnormal male factors contributing 
to infertility 


Sperm procurement and banking 

No 

Surgery, including microsurgical 
sperm aspiration 

Testis biopsy and semen analysis 

Testicular failure 

No 

No 

No 
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the state laws have various restrictions including 
an upper limit for the female’s age (from 40- 
46 years) and excluding those who had previously 
undergone voluntary sterilization. RESOLVE, the 
National Infertility Association, has developed a 
state fertility scorecard that ranks and grades the 
states based on the insurance mandates dis- 
cussed earlier, legislation introduced in the past 
year, the number of fertility clinics per capita, and 
the number of their own RESOLVE support groups 
(see ref.*' for state fertility scorecard web 
address). These laws impose a minimum amount 
of coverage on the insurers that are specified, 
which can be exceeded if an employer or group 
negotiates more coverage in their contract. 


Winfertility: A Private, Bundled Model 


A company started in 2000, Winfertility represents 
a new model of reproductive health care delivery. 
By partnering with reproductive endocrinology 
(RE) practices, laboratories, and medication sup- 
pliers across the United States, Winfertility is 
able to provide discounted infertility services. 
Each couple is evaluated and presented with a 
bundle of services depending on the diagnostic 
category into which the female partner is classi- 
fied. The company is also able to incorporate any 
insurance benefits available to the couple, which 
provides them with a single, all-inclusive fee that 
may, for example, result in a cycle of IVF. At pre- 
sent, Winfertility has not partnered with any urol- 
ogy practices. When the male partner has an 
abnormal semen analysis and is referred for further 
evaluation and treatment, these costs, as well as 
subsequent diagnostic and/or surgical procedures 
required in the male, may be negotiated separately 
with the referring RE practice. For many couples 
that are either paying out of pocket or are faced 
with a significant copay for their infertility work- 
up and treatment, this bundled approach offered 
by Winfertility can facilitate the process by 
providing discounted services.** 


Reproductive Endocrinologist Group Risk- 
sharing Model 


Some groups of reproductive endocrinologists 
have developed various risk-sharing models to 
potentially give couples a more enticing option 
than simple fee-for-service payment. One such 
program guarantees either the live birth of a normal 
infant or a refund for the program fee of $25,000.7° 
Eligible women, 35 years of age or younger, were 
carefully selected with pre-IVF testing to mitigate 
the practice’s risk. The fee covers 1 cycle of IVF 
but does not cover the expensive follicle- 
stimulating hormone medications. The patient will 


pay a large amount if they have a successful live 
birth after a single cycle of IVF, but, as mentioned 
earlier, an average live birth can cost much more, 
because often multiple IVF cycles are required. 
Thus, this program may provide a financial incen- 
tive to certain couples. These types of programs 
have been criticized for subjecting patients to un- 
necessary pre-IVF testing and also for being 
exploitative and questionable on ethical grounds.~* 


Counsyl: Flat-rate Genetic Testing 


Another new service has recently become avail- 
able that may lower the cost of genetic testing 
for infertile couples. The company, Counsyl, offers 
a comprehensive genetic screening test that in- 
cludes more than 100 different potential inherit- 
able conditions. Counsyl provides this test for a 
guaranteed $99 copay to any patient with insur- 
ance, regardless of the type of insurance. This 
single-price copay applies even if the test is de- 
nied reimbursement as long as the patient has in- 
surance. Counsyl is basing this service on a 
shared-risk model with the assumption that the 
test will be reimbursed often enough to remain 
profitable. This approach to screening for 
numerous conditions is arguably too broad and 
may cause needless worry among patients. How- 
ever, for couples with insurance and $198, this 
testing may provide either piece of mind or the op- 
portunity to undergo genetic counseling and weigh 
their options if they both test positive as carriers of 
a potentially severe condition. The testing includes 
100 common cystic fibrosis transmembrane 
conductance regulator mutations, which are 
commonly tested for among urologists treating 
men with congenital bilateral absence of the vas 
deferens.° 


Federal Title X 


The federal government enacted the Title X Family 
Planning Program in 1970 as a federal grant pro- 
gram devoted to family planning and related pre- 
ventative health services that prioritized the 
needs of uninsured or low-income individuals, 
including those not eligible for Medicaid. The ser- 
vices provided at reduced or no cost include ac- 
cess to contraceptive services, supplies, and 
information and assistance in determining the 
number and spacing of children for both positive 
birth outcomes and healthy families. Title X pro- 
vides federal funding for approximately 4400 
community-based clinics (as of 2011) with at least 
one clinic in 72% of US counties.”° In addition to 
contraceptive services and counseling, these 
clinics provide related preventative health services 
such as breast and cervical cancer screening and 


STD and HIV education, testing, and referral. The 
diagnosis and treatment of infertility has not been 
a part of the services covered by Title X funding, 
but recent discussion within the program has 
raised the question of whether infertility care, 
male and female, should be a part of the care pro- 
vided at Title X clinics. 


Federal/State: Medicaid 


Medicaid is a state-administered program to pro- 
vide medical care for US citizens and their families 
with low incomes and certain disabilities. Medicaid 
is supported by both federal and state funding. 
Much like Title X, Medicaid provides coverage for 
family planning services including contraception 
and STD testing and treatment, and preventive 
services such as breast and cervical cancer 
screening. However, being a state-administered 
program, there is heterogeneity regarding the 
various services offered. Regarding permanent 
contraception, only 13 states cover tubal ligation 
and only 10 states cover vasectomies. Two states 
provide Medicaid coverage for vasectomy re- 
versal. Infertility services in general are rarely 
covered by Medicaid, with only 3 states providing 
limited coverage of testing and rare coverage of 
infertility treatment.” 


Military Personnel and Tricare 


Active duty military obtain their health care via the 
federally funded and administrated Military Health 
System. Spouses and dependents are similarly 
covered under the Tricare program. Diagnostic 
services regarding infertility are covered for both 
men and women under these plans. Although the 
plans state that infertility treatments and corrective 
surgeries are covered, there are some notable ex- 
ceptions to this statement. IVF and intrauterine 
insemination (IUI) are not covered, but hormonal 
treatments are covered. Although not covered, 
IVF and IUI may be performed at a Military Treat- 
ment Facility, which offers discounted rates over 
the open market. Surgical procedures for male 
factor infertility are not explicitly covered, but are 
evaluated on a case-by-case basis and may be 
approved for cost sharing between the patient 
and the government. In addition, some infertility 
clinics offer discounted services to active duty mil- 
itary personnel. 


Veterans Health Administration 


Infertility treatment options have traditionally been 
limited for US veterans as well, but this may be 
changing. In December 2012, the Murray Bill 
passed the Senate and would have lifted the ban 
on ART in Veterans Administration hospitals 
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specifically for veterans who had injuries that 
would have made conceiving children impossible 
without medical assistance such as sperm 
retrieval. The bill failed to reach the president’s 
desk, reportedly because of the manner in which 
the bill would be funded. Regardless, a new bill 
has been proposed, the Women Veterans and 
Other Health Care Improvements Act of 2013, 
which also has the same provision for ART for 
wounded veterans.*° Even with the restriction of 
ART, veterans are provided with otherwise 
comprehensive reproductive health care, which 
includes both medical and surgical contraception 
(male and female), all aspects of sexual health, 
IUI, varicocelectomy, and even vasectomy re- 
versal at certain medical centers. 


SHOULD REPRODUCTIVE HEALTH CARE BE 
COVERED? 


At the heart of the discussion regarding reproduc- 
tive health care delivery is the larger philosophic 
question: should reproductive health care be 
covered? Or more to the point: should infertility 
services be covered by public funds or group in- 
surance policies? It is hard to imagine people 
arguing against coverage for prenatal care or deliv- 
ery. Coverage for the diagnosis and treatment of 
STDs is similarly universal and regarded as a public 
health matter. Contraception and surgical sterility 
are more controversial because they are forbidden 
in certain religions. However, infertility seems to be 
the most divisive aspect of reproductive health in 
that it is the least frequently covered condition. 
Those arguing against sharing in the expense for 
infertility treatment via tax dollars or insurance pre- 
miums may contend that parenthood is not a right, 
but rather a choice individuals make. The enor- 
mous expense that accompanies modern infertility 
treatments may have influenced policy makers, 
both in the legislative and insurance sectors, 
against more widespread coverage. In contrast, 
couples stricken with infertility argue that they 
have a disease affecting the reproductive system 
of the male, female, or both. The organs and tis- 
sues affected by this disease are as much a part 
of the human body as the skeletal, digestive, or 
cardiovascular systems. Reproduction is funda- 
mental for human survival. Furthermore, this dis- 
ease, which comes about from numerous causes, 
can have a serious impact on the psychosocial 
well-being of one or both members of a couple.7° 
In addition to the direct effects that infertility can 
have on a patient’s well-being, infertility can also 
be a marker of other diseases (the epidemiology 
of reproduction is discussed in detail elsewhere 
in this issue). In addition, young men undergoing 
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an infertility evaluation often have other significant 
health concerns, such as testis cancer or dia- 
betes.°° Another aspect of reproductive health, 
ED, is strongly associated with concomitant car- 
diovascular disease and predicts future cardiovas- 
cular events.°' ED is also associated with other 
public health concerns such as obesity, dyslipide- 
mia, and diabetes.°* STDs are an additional public 
health concern within the realm of reproductive 
health. All of these aspects of reproductive health 
are matters of public health. 


THE FUTURE OF REPRODUCTIVE HEALTH 
CARE 


The ACA is more than 2000 pages long and, 
despite attempts at repeal, has been the law of 
the land since 2010. This complex legislation has 
numerous provisions that become effective over 
a multiple year timeline, and will certainly cause 
important changes throughout health care in the 
United States. Over time, fee-for-service medicine 
may end as global payments and quality-based re- 
imbursements emerge. 

Beginning in January 2014, the various condi- 
tions that will be covered by all types of insurance 
will be spelled out in documents called Essential 
Health Benefits. These essential benefits will not 
be dictated by the federal government, but rather 
will be decided on at the state level. In theory, 
there could be 50 different versions of what is 
considered essential coverage. Time will tell 
whether infertility care will be included as an 
essential health benefit, but, based on the existing 
laws, at least 15 states will probably make mention 
of infertility care in one form or another. 

Urologists engaged in all aspects of male repro- 
ductive care have several responsibilities to their 
patients. They need to continue to study the ge- 
netic, environmental, and developmental causes 
that affect reproductive disease in men. They 
need to continue to find the most effective thera- 
pies that provide the best outcomes for patients 
in the most cost-effective ways. As clinicians 
seek these answers, they need to provide educa- 
tion so that patients can lead healthier lives with 
regard to their reproductive potential. Patients 
can then be prepared to work with clinicians to 
educate legislators and leaders in health care 
reimbursement so that reproductive diseases will 
be treated no differently than any other disease. 
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What Do the Screening Trials Really Tell Us and Where Do We Go From Here? 223 
Ruth D. Etzioni and lan M. Thompson 


Publication of apparently conflicting results from 2 large trials of prostate cancer 
screening has intensified the debate about prostate-specific antigen (PSA) testing 
and has led to a recommendation against screening from the US Preventive Services 
Task Force. This article reviews the trials and discusses the limitations of their 
empirical results in informing public health policy. In particular, the authors explain 
why harm-benefit trade-offs based on empirical results may not accurately reflect 
the trade-offs expected under long-term population screening. This information 
should be useful to clinicians in understanding the implications of these studies 
regarding the value of PSA screening. 


Evolution and Immediate Future of US Screening Guidelines 229 
Kirsten L. Greene, Sanoj Punnen, and Peter R. Carroll 


Although observational studies and simulation models have shed some interesting 
light on many of the uncertainties surrounding prostate cancer screening, well- 
done clinical trials provide the best evidence on screening among the extremes of 
age, the most appropriate interval to screen, and the best complement of tests to 
use. Enthusiasm for screening is temporized by the acknowledgment that overde- 
tection leads to frequent overtreatment despite evidence supporting the safety of 
active surveillance in many men with low-risk disease. 


International Perspectives on Screening 237 


Monique J. Roobol 


The estimated population of the world in 2008 was 6.75 billion people, increasing by 
around 79 million people each year. The world population is aging. In 1970, the world 
median age was 22 years; it is projected to reach 38 years by 2050. The number of 
people in the world aged 60 years and older is expected to almost triple to 2 billion by 
2050. Because cancer, especially prostate cancer, is predominantly a disease of the 
elderly, increases in the number of older people will lead to more cases of cancer, 
even if current incidence rates remain the same. 


The Politics of Prostate Cancer Screening 249 
Samuel D. Kaffenberger and David F. Penson 


The controversial recent recommendation by the United States Preventive Services 
Task Force (USPSTF) against prostate-specific antigen (PSA) screening for early- 
stage prostate cancer has caused much debate. Whereas USPSTF recommendations 
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against routine screening mammography in younger women resulted in fierce public 
outcry and eventual alteration in the language of the recommendation, the same 
public and political response has not been seen with PSA screening for prostate 
cancer. It is of paramount importance to ensure improved efficiency and transparency 
of the USPSTF recommendation process, and resolution of concerns with the current 
USPSTF recommendation against PSA screening for all ages. 


Decision Making and Prostate Cancer Screening 


Sara J. Knight 


This article presents an overview of the challenges that men encounter in making 
decisions about prostate cancer screening, including complex affective and cogni- 
tive factors and controversies in the interpretation of the evidence on prostate can- 
cer screening. Shared decision making involving patient decision aids are discussed 
as approaches that can be used to improve the quality of prostate cancer screening 
decisions, including a close alignment between a man’s values, goals, and prefer- 
ences and his choice about screening. 


Emerging PSA-Based Tests to Improve Screening 


Richard J. Bryant and Hans Lilja 


This article updates advances in prostate cancer screening based on prostate-spe- 
cific antigen, its derivatives, and human kallikrein markers. Many men are diagnosed 
with indolent disease not requiring treatment. Although there is evidence of a survival 
benefit from screening, the numbers needed to screen and treat remain high. There 
is risk of exposing men to the side effects of treatment for nonthreatening disease. A 
screening test is needed with sufficiently good performance characteristics to detect 
disease at an early stage so treatment may be offered with curative intent, while 
reducing the number of negative or unnecessary biopsies. 


The Epidemiology and Clinical Implications of Genetic Variation in Prostate Cancer 


Brian T. Helfand and William J. Catalona 


There is strong evidence of a genetic predisposition to prostate cancer. Recent 
advances in genetic sequencing technologies have permitted significant advances 
in the field. This article reviews the genetic basis underlying prostate cancer, and 
highlights the epidemiology and potential clinical usefulness of both rare and com- 
mon genetic variations. In addition, recent findings related to the understanding of 
prostate cancer genetics are discussed. 


Optimization of Prostate Biopsy: Review of Technique and Complications 


Marc A. Bjurlin, James S. Wysock, and Samir S. Taneja 


A 12-core systematic biopsy that incorporates apical and far-lateral cores in the 
template distribution allows maximal cancer detection and avoidance of a repeat 
biopsy while minimizing the detection of insignificant prostate cancers. Magnetic 
resonance imaging-guided prostate biopsy has an evolving role in both initial 
and repeat prostate biopsy strategies, potentially improving sampling efficiency, 
increasing the detection of clinically significant cancers, and reducing the detection 
of insignificant cancers. Hematuria, hematospermia, and rectal bleeding are com- 
mon complications of prostate needle biopsy, but are generally self-limiting and 
well tolerated. All men should receive antimicrobial prophylaxis before biopsy. 
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Screening and Detection Advances in Magnetic Resonance Image-Guided 
Prostate Biopsy 


Samuel K. Stephenson, Edward K. Chang, and Leonard S. Marks 


Multiparametric magnetic resonance imaging (MRI) has provided a method for visu- 
alizing prostate cancer. MRI-ultrasonography fusion allows prostate biopsy to be 
performed quickly, on an outpatient basis, using the transrectal technique. Targeted 
biopsies are more sensitive for detection of prostate cancer than nontargeted, 
systematic biopsies and detect more significant prostate cancers and fewer insignif- 
icant cancers than conventional biopsies. A negative MRI scan should not defer 
biopsy. Two groups who will especially benefit from targeted prostate biopsy are 
men with low-risk lesions in active surveillance and men with increased prostate- 
specific antigen levels and previous negative conventional biopsies. 


Management of an Increasing Prostate-Specific Antigen Level After Negative 
Prostate Biopsy 


Katsuto Shinohara, Hao Nguyen, and Selma Masic 


Patients who have a previously negative biopsy in the setting of clinical suspicion of 
prostate cancer still have a high risk of harboring significant undiagnosed disease. 
Various markers such as prostate-specific antigen (PSA) velocity, PSA density, 
PCA3, and newer markers may aid in repeat biopsy selection. Repeating the same 
biopsy procedure in such patients does not yield high cancer detection rates. More 
anteriorly directed transrectal or transperineal biopsies are indicated. Multiparametric 
magnetic resonance imaging can detect abnormal areas, and lesion-targeted biop- 
sies can improve the cancer detection rate. 


When is Prostate Cancer Really Cancer? 


David M. Berman and Jonathan I. Epstein 


Index 


Several investigators have challenged the idea that low-grade cancers are a cause 
for concern, suggesting that the term cancer should not be applied to these tumors. 
This article reviews the defining features of cancer, and the diagnostic and prognos- 
tic classification systems currently used for prostate cancer. Logical, morphologic, 
and molecular evidence is presented to show that low-grade prostate cancers are 
correctly classified as cancer. The authors suggest, however, that 6 out of 10 on 
an aggressiveness scale is inappropriate for indolent cancer, and that a proposed 
reinterpretation of Gleason grading categories is a more logical way to address 
overtreatment. 
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What Do the Screening Trials 


Really 
Go From Here? 


Tell Us and Where Do We 


Ruth D. Etzioni, PhD®*, lan M. Thompson, MD> 


KEYWORDS 
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e Public health policy 


KEY POINTS 


e Screening trials provide information that is critical for the development of screening policy, but 
cannot provide all the information needed for developing sound policies for population screening. 

e Results from a modeling analysis of the Prostate, Lung, Colon, and Ovarian trial reveals that the 
empirical finding of no difference in prostate cancer mortality in this study could have easily 
occurred even if prostate cancer screening had a high degree of efficacy. 

e The balance of screening harm with benefit will be materially affected by patient decisions following 
diagnosis, such as whether the patient selects aggressive curative treatment or active surveillance 


to reduce the chance of overtreatment. 


INTRODUCTION 


The prostate screening odyssey has captivated re- 
searchers, policymakers, and clinicians since the 
late 1980s when the prostate-specific antigen 
(PSA) test was approved by the Food and Drug 
Administration for monitoring the progression of 
prostate cancer. The test was rapidly adopted for 
screening in the United States' even as clinical tri- 
als to evaluate its efficacy in early detection were 
just beginning in the United States and Europe. 
While the United States and European trials 
were ongoing, routine PSA screening became 
the standard of care in the United States, dramat- 
ically changing the profile of prostate cancer, and 
prompting concerns about overdetection and 
overtreatment of the disease. As rates of death 
from prostate cancer declined after the inception 


of screening, it became clear that policies for pros- 
tate cancer screening would have to carefully navi- 
gate the harm-benefit trade-offs of PSA testing. 
The results of the 2 large, randomized screening 
trials were eagerly awaited for what was hoped 
would be the final word regarding the lives saved 
and the price that would have to be paid for any 
screening benefit. 

Five years after the publication of the primary 
trial results, there remains a vigorous debate about 
whether and how best to screen for prostate can- 
cer. The randomized trial results were the basis for 
revised prostate screening recommendations 
from all of the major policy panels including the 
US Preventive Services Task Force (USPSTF),” 
the American Cancer Society, and the American 
Urology Association.* Whereas the USPSTF has 
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recommended against PSA screening at all ages, 
the other panels have generally recommended 
shared decision making except for men with a 
limited life expectancy. 

This article reexamines the trials and their find- 
ings in light of what needs to be known to develop 
policies for population screening. The authors first 
review the empiric results from the trials and ask 
what they inform us about (1) screening benefit, 
(2) screening harms, particularly overdiagnosis, 
and (3) the harm-benefit trade-offs of screening. 
Statistical and modeling analyses that go beyond 
the trial results are considered, and how these re- 
sults may modify perceptions of the aforemen- 
tioned outcomes is discussed. All screening 
outcomes depend on the screening strategy 
used, including the screening ages, intervals, and 
cutoffs for biopsy referral. Varying these parame- 
ters can dramatically alter the balance of harm 
and benefit; unfortunately, the 2 randomized trials 
are inherently limited in their ability to compare 
alternative screening strategies. The authors 
conclude that screening trials in general, and the 
Prostate, Lung, Colon, and Ovarian (PLCO) trial 
and European Randomized Study of Screening 
for Prostate Cancer (ERSPC) in particular, provide 
information that is critical for the development of 
screening policy, but cannot provide all the infor- 
mation needed for developing sound policies for 
population screening. 


THE LARGE RANDOMIZED PROSTATE CANCER 
SCREENING TRIALS 


The 2 large screening trials, the United States- 
based PLCO cancer screening trial?° and the 
ERSPC,’® have been previously described in 
detail. 

Several measures of screening benefit and harm 
are presented in the trial reports, and these are 
briefly reviewed here, as the manner by which 
harm and benefit are measured will significantly in- 
fluence the perception of the value of screening. 
Several definitions are important in understanding 
screening outcomes. The relative screening 
benefit is expressed by the (prostate cancer) mor- 
tality rate ratio, which is the ratio of the risk of 
death from prostate cancer in the screened group 
relative to the control group over the follow-up 
period. The absolute screening benefit is ex- 
pressed by the difference between the cumulative 
incidence of death from prostate cancer in the 2 
groups, and may be thought of as an estimate of 
the lives saved by screening over the follow-up 
period. Both relative and absolute benefits are 
time-sensitive and generally increase with follow- 
up time.°-'' Overdiagnosis is the detection by 


screening of cases that, in the absence of 
screening, would not have caused morbidity or 
mortality in the patient’s lifetime. Overdiagnosis 
may be expressed as an absolute number of over- 
diagnosed cases, as a fraction of the number 
screened, or as a fraction of screen-detected 
cases. Depending on how overdiagnosis is esti- 
mated, the results may also be highly time- 
sensitive. Finally, a measure of harm-benefit 
trade-off that has become fairly standard is the 
(additional) number needed to detect (NND) to pre- 
vent 1 death from prostate cancer, defined as the 
estimated overdiagnoses divided by the estimated 
lives saved by screening. The NND has been 
referred to as the additional number needed to 
treat to prevent 1 death from prostate cancer but 
this is not, strictly speaking, accurate, because 
not all newly diagnosed prostate cancers receive 
immediate treatment. The concept of the NND, a 
harm-benefit trade-off measure pertaining specif- 
ically to screening that carries the possibility of 
overdiagnosis, should be distinguished from the 
similarly named number needed to treat or NNT, 
which is a concept of benefit most commonly 
used in analysis of treatment trials. 


The PLCO Screening Trial 


The PLCO trial randomized 76,693 men to 
screening or a control group managed according 
to community standards. Screening-arm partici- 
pants were given annual PSA tests for 6 years 
with concomitant digital rectal examinations 
(DREs) for the first 4 years. Diagnostic follow-up 
for positive test results was left to participants 
who were referred to their doctors for PSA higher 
than 4.0 ng/mL or a suspicious finding on DRE. 
Approximately 40% of participants referred to bi- 
opsy for an abnormal screening test underwent 
prostate biopsy within 1 year. ° 

By the time the PLCO trial began randomizing par- 
ticipants, PSA screening was widespread.' This 
aspect had a critical impact on the trial and its out- 
comes. In brief, 45% of participants had had at least 
1 PSA before enrollment®; moreover, over the 
course of the trial approximately half of the control- 
arm participants were screened every year, with 
74% of the control group receiving at least 1 
screening test during their participation in the trial. 1° 
By contrast, 95% of the screened group was 
screened at least once during the course of the trial. 
The average number of screening tests was 5 in the 
screened group and 2.7 in the control group. '° Thus, 
screening in the control group was approximately 
half as intensive as that in the screened group. 

The empirical results from the PLCO after 11 
and 13 years of follow-up clearly show no relative 


or absolute benefit of PSA screening.®° Not only 
was there no statistically significant difference in 
prostate cancer mortality between screened and 
control groups after 11 and 13 years of follow- 
up, but the cumulative incidence of deaths from 
prostate cancer was slightly (but nonsignificantly) 
higher in the screened group than in the control 
group (mortality rate ratio 1.09, 95% confidence 
interval 0.87-13.6). 

In its recent recommendation against routine 
PSA screening, the USPSTF concluded that the 
benefit of PSA screening ranged from zero to 1 
life saved per 1000 men screened at 8 to 10 years, 
with the zero directly based on the results of the 
PLCO trial. However, it is clear that the trial did 
not compare screening with no screening; the trial 
investigators themselves note in their most recent 
report that the results pertain to annual versus 
“opportunistic” screening in the United States.° 
By simulating a replication of the trial many times, 
the authors have shown that even if screening 
were to confer a clinically significant reduction in 
prostate cancer mortality, it is unlikely (only 
10%-20% chance) that the trial would have pro- 
duced a statistically significant benefit.'* In addi- 
tion, the authors showed that the finding of zero 
lives saved (or, more generally, fewer deaths in 
the control group than in the screened group) 
could reasonably have occurred in practice given 
that the numbers of deaths in both groups were 
considerably lower than expected. Thus, deeper 
analysis of the PLCO results indicates that the trial 
cannot be interpreted as a negative study 
regarding the benefit of PSA screening, despite 
the empirical results concerning disease-specific 
deaths in the control and intervention arms. Simi- 
larly, meta-analyses drawing on the PLCO results 
that simply use the empirical trial findings as a 
data point for comparison with the other trial re- 
sults are not interpretable. 

The PLCO trial does provide a great deal of in- 
formation regarding the comparison of (approxi- 
mately) annual with opportunistic (approximately 
half as intensive) screening in the United States. 
The trial also provides valuable information 
regarding the false-positive properties of PSA 
testing as conducted in the trial; among men with 
a positive test who underwent biopsy, 35% to 
45% had prostate cancer detected.'° Finally, the 
trial provides important data about the likelihood 
of compliance with a referral for prostate biopsy 
in the United States population; only about 40% 
of participants underwent biopsy within 1 year af- 
ter a positive test. 1? However, the empirical results 
do not inform about the benefits of screening 
versus no screening, the likelihood of overdiagno- 
sis, or the NND. 


What Do Screening Trials Really Tell Us 


The ERSPC Screening Trial 


The ERSPC was designed as a single trial to eval- 
uate PSA efficacy in European countries that satis- 
fied pilot-study requirements, and incorporated 
60% of participants in a trial that had already 
been started in one center (Göteborg, Sweden). '° 
The trial randomized 182,160 men, with the largest 
number randomized in Finland and the smallest 
number in Spain. An age range of 55 to 69 years 
was designated as the core age group and enrolled 
across all centers, with some centers also including 
men aged 70 to 74. Testing took place every 4 years 
in most centers, but every 2 years in Sweden. The 
criteria for biopsy referral varied across centers. 
Most centers used a PSA cutoff of 3 ng/mL, 
whereas Finland used a cutoff of 4 ng/mL. In 
contrast to the PLCO trial, there was generally 
excellent compliance with screening and biopsy 
referral: on average 86% of participants complied 
with biopsy recommendations.’ An analysis of 
contamination across 5 centers of the ERSPC"” re- 
veals variable frequencies of opportunistic 
screening, with annual rates of less than 10% in 
Finland, the Netherlands, and Spain, and higher 
rates (20%-30% per year) in Italy and France. 

The primary outcome of the ERSPC differs from 
that of the PLCO: At 11 years of follow-up there 
was a statistically significant 21% relative reduc- 
tion in the prostate cancer mortality rate in the 
intervention group.° As 5 men per 1000 in the con- 
trol group died of prostate cancer during the 
follow-up period, this relative reduction amounted 
to 1 life saved per 1000 men screened. After ac- 
counting for noncompliance and contamination, 
the relative mortality reduction increased to 
31%.'® Overdiagnosis was estimated as the 
excess cases of prostate cancer in the intervention 
relative to the control group (37 per 1000 men 
screened). The corresponding estimate of the 
NND provided by study investigators was 37 at 
11 years’ follow-up, given by the excess cases in 
the intervention group divided by the lives saved. 
Table 1 summarizes the results of the trial at 
11 years of follow-up and also the results of the 
Swedish, '? Finnish,2° and Dutch?" trials, which 
have been reported in separate publications. 

The ERSPC results have been interpreted as 
indicating that screening provides at best a very 
modest benefit at considerable cost in terms of 
overdiagnosis. Indeed, in the conclusion by 
USPSTF that the absolute benefit of PSA 
screening ranged from zero to 1 life saved per 
1000 men screened, the upper limit was directly 
based on the results of the ERSPC after 9 years. 

Both the estimate of lives saved (1 per 1000 men 
screened) and the NND (87 excess cases per life 
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Table 1 
Summary of published reports of primary outcomes from the European Randomized Study of 
Screening for Prostate Cancer (ERSPC) and the Prostate, Lung, Colon, and Ovarian (PLCO) trial 


Cum. Inc. 
of Prostate 
Cancer 
Death (%) 


Lives 
Mortality Saved 
Rate Per 


Cum. Inc. of 


Follow-Up Disease (%) 


Age Start (Median 


Study (y) N Year Years) Control Screened Control Ratio 1000 NND 


ERSPC 55-69 162,388 1991 11 6.00 9.60 0.50 0.79 1.07 37 
Rotterdam 55-74 42,376 1993 12.8 6.84 12.75 0.90 0.8 1.8 33 
55-69 80,144 1996 12 6.90 9.00 0.55 0.85 0.83 25 
Sweden 50-69 20,000 1994 14 8.20 12.70 0.90 0.56 4 12 
PLCO 55-74 76,685 1993 13 9.95 11.09 0.38 1.09 0 Inf 


Finland 


Also presented are reports from the 3 ERSPC sites that published results separately. Cum. Inc. indicates cumulative inci- 
dence; the cumulative incidence of disease gives the fraction of participants on each arm diagnosed with prostate cancer 
during the course of follow-up. The similarity between the incidence on the screened and the control arms of the PLCO 
trial reflects the contamination by opportunistic screening among control group participants. The cumulative incidence 
of prostate cancer death gives the fraction of participants on each arm dying of prostate cancer during the course of 
follow-up. Lives saved represents the difference between these fractions expressed relative to 1000 men enrolled. The 
mortality rate ratio is the ratio of the risk of prostate cancer death on the screened arm relative to the control arm. 
The NND (additional number needed to detect) should ideally reflect the ratio of overdiagnoses to deaths prevented; 


however, studies! "2? have shown that this is not accurately estimated by limited-term trial data. 


Data from Refs.®819-21 


saved) have been questioned in further ana- 
lyses.*?-25 First, when considered against a back- 
ground mortality that is more reflective of the 
lifetime risk of death from prostate cancer, the 
number of lives saved given annual screening of 
men aged 50 to 69 increases considerably, to 9 
per 1000 men screened in Europe** and 5 to 6 
per 1000 men screened in the United States.?° 
Some of the differences between the United 
States and European estimates of lives saved 
can likely be attributed to differences in back- 
ground mortality, screening protocols (the Euro- 
pean estimate used a PSA cutoff for biopsy 
referral of 3 ng/mL and the United States estimate 
was based on a cutoff of 4 ng/mL), and biopsy 
compliance rates. It is noteworthy that, when 
considering these higher estimates of lives saved 
against the number of overdiagnosed cases in 
each setting, the NND is dramatically reduced to 
approximately 5 in both European and United 
States settings.°*°° Thus, deeper analysis of the 
ERSPC reveals a more favorable picture of both 
benefit and the harm-benefit trade-offs of PSA 
screening than has generally been inferred from 
the empirical results. 


WHERE DO WE GO FROM HERE? 


There is no question that these 2 randomized 
screening trials provide us with a wealth of infor- 
mation about PSA screening. However, they also 
present us with a fundamental question: do 


empirical findings from randomized trials 
adequately reflect the true harms and benefits of 
screening tests? Unfortunately, as illustrated in 
this review, these studies cannot answer this 
question, and focusing solely on empirical results, 
even from these very large high-quality trials, can 
lead to serious misperceptions regarding the value 
of prostate cancer screening. 

With respect to benefit, results from a modeling 
analysis of the PLCO trial reveals that the empirical 
finding of no difference in prostate cancer mortal- 
ity in this study could have easily occurred even if 
prostate cancer screening had a high degree of ef- 
ficacy. The empirical result from the ERSPC 
regarding relative benefit is clinically significant 
(20%-30% reduction in the risk of death from 
prostate cancer), but the empirical findings con- 
cerning absolute benefit (lives saved) and the 
NND (harm to benefit ratio) appear to have 
eclipsed this finding to yield a general perception 
of modest benefit outweighed by harm. Statistical 
and modeling studies targeted at quantifying how 
these outcomes will likely change over longer 
follow-up (as would be expected with a policy of 
screening in clinical practice)'':??-2° reveal that 
the empirical results do not accurately reflect the 
lives saved or the NND that would be expected un- 
der population screening. Even the reported mor- 
tality rate ratio may well underestimate the 
percent reduction over the longer term’; this 
seems to be the case as longer-term data are 
released from the ERSPC, showing greater relative 


mortality reductions with longer follow-up, and an 
NND of 37 after 11 years compared with an NND of 
48 after 9 years.® 

In conclusion, screening trial results are tradi- 
tionally regarded as gold-standard evidence, but 
we must go beyond the empiric findings of the 
PLCO and the ERSPC to understand what these 
trials are really telling us. As deeper scrutiny of 
the trial outcomes using statistical and modeling 
analyses strongly suggests a Clinically significant 
benefit from screening, a rational public health 
approach should be to determine optimal imple- 
mentation of screening to minimize harm while 
maximizing benefit. 

Recent observational and modeling studies pro- 
vide some direction for a way forward. Vickers and 
colleagues’° studied the association between PSA 
levels at ages 40 to 55 and the long-term risks of 
metastasis in an unscreened population. Their 
findings indicate a strong correlation between 
higher PSA levels at these ages and the risk of 
future metastatic disease, and prompt a sugges- 
tion to use early PSA testing to stratify men to 
more versus less intensive screening approaches. 
Gulati and colleagues*° compared 35 different 
policies, varying ages to start and stop screening, 
intervals between screens, and criteria for biopsy 
referral. Their results suggest that screening less 
intensively, particularly if PSA levels are low, and 
referring to biopsy less readily in men older than 
70 could substantially reduce overdiagnosis and 
false-positive tests while preserving more than 
70% of the lives saved under annual screening. 
Heijnsdijk and colleagues** compared fewer pol- 
icies, also noting that less frequent screening 
(every 4 years) preserves the majority (two-thirds) 
of lives saved when compared with annual 
screening. However, the key conclusion of this 
study concerned the impacts of treatment and its 
consequences on the quality-adjusted life-years 
saved by screening. The specific quality weights 
used by the investigators imply that screening 
benefit is highly sensitive to quality of life (quality- 
adjusted life-years saved were projected to be 
23% lower than unadjusted life-years). However, 
as noted by an accompanying editorial,*” existing 
data on the distribution of utilities corresponding to 
key health states are far from adequate. This study 
therefore highlights the need for, and the challenge 
of, accurately quantifying harm-benefit trade-offs 
when developing screening policies. 

It is likely that the harms and benefits of 
screening will be valued differently by different in- 
dividuals. The balance of harm to benefit will also 
be materially affected by patient decisions 
following diagnosis, such as whether the patient 
selects aggressive curative treatment or active 
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surveillance to reduce the chance of overtreat- 
ment. Ultimately, as acknowledged by current 
screening guidelines from national panels (eg, 
Refs.®?8) that recommend shared decision mak- 
ing, the optimal approach to prostate cancer 
screening may well depend on the patient. 
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KEY POINTS 


e Although observational studies and simulation models have shed some interesting light on many of 


the uncertainties surrounding prostate cancer screening, well-done clinical trials will provide the 
best evidence on screening among the extremes of age, the most appropriate interval to screen, 
and the best complement of tests to use. 

Despite a shift away from expert opinion and favoring more objective methodology such as meta- 
analysis and systematic review, or perhaps because of it, guidelines can be almost deliberately 
vague and may be outdated soon after publication. 

Over the last 2 decades, prostate cancer screening has evolved from prioritizing sensitivity of diag- 
nosis in an attempt to favor early detection of localized disease to specificity of detecting men at 
highest risk with statistically highest benefit. 

Enthusiasm for screening is temporized by acknowledgment that overdetection leads to frequent 
overtreatment despite evidence supporting the safety of active surveillance in many men with 


low-risk disease. 


HISTORY AND EVOLUTION OF GUIDELINES 


The evolution of practice guidelines in medicine 
has its origin in the early nineteenth century 
focusing largely on public health measures to con- 
trol infectious disease epidemics, such as cholera 
and yellow fever.’ In the twentieth century, dis- 
eases such as tuberculosis and syphilis expanded 
the role of public health and standardized prac- 
tices.>3 After World War II, the scope of medicine 
in the United States and Europe expanded rapidly 
with the development of new drugs and technol- 
ogy. What started as public health mandates 
moved into the realm of diagnosis and treatment 
as new therapies for cancer and tuberculosis 


were developed, including radium and radio- 
graphs; these were recognized as potentially 
dangerous technologies that required protocols 
for safe use and delivery.* 

As screening and early detection of different dis- 
eases became more ubiquitous, guidelines began 
to take on the role of cost containment and quality 
control. Hospitals were targeted as organizations 
that could be made more efficient by standardizing 
practice.° With so many different treatment op- 
tions available, both governments and physician 
groups attempted to unify management as varia- 
tion came under suspicion for being deviations 
from standard of care rather than individual judg- 
ment heretofore regarded as the “art of medicine.” 
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Physician groups took on a greater role in guide- 
lines creation in an attempt to maintain physician 
autonomy.° 

The American Medical Association played a ma- 
jor role in standardizing medical education, state 
licensing, and specialty certification in collabora- 
tion with specialty societies. The American College 
of Surgeons began creating uniform standards in 
surgery by evaluating cancer therapies, stand- 
ardizing terminology, and publishing results. The 
American College of Surgeons’ first guidelines 
were published in 1931 addressing fracture care 
and organizing cancer services in hospitals.°” If 
guidelines development was slow in the early twen- 
tieth century, with 20 guidelines in print by 1945 and 
35 more by 1974,° publication blossomed in the 
1980s and was spurred by organizations advo- 
cating cost containment and accountability.® In 
1989 the Agency for Healthcare Research and 
Quality was established to produce practice guide- 
lines and currently functions as a guidelines 
clearinghouse. 

In the specialty of Urology, the American 
Urological Association (AUA) created the Practice 
Guidelines Committee in 1989 to develop 
evidence-based guidelines that aim to promote 
the highest standards of urologic care. The first 
guideline was introduced in 1994 and addressed 
the topic of benign prostatic hyperplasia. As 
evidence-based medicine emerged as a guiding 
force in education and standardization of medical 
practice, guidelines development processes 
changed from expert review of literature and syn- 
thesis of recommendations to systematic literature 
reviews and meta-analysis. Many organizations, 
including the AUA and European Association of 
Urology (EAU), have adopted grading systems 
for the strength of evidence and used this to char- 
acterize recommendations. 

From 2000 to 2005 the AUA made a set of stra- 
tegic changes in their guidelines process. This new 
process optimized cost efficiency of the guidelines 
process, used the Institute of Medicine criteria, 
and decreased the creation time of new guidelines 
from a 5-year process to a 2- to 3-year window. In 
2008 the current Level of Recommendation sys- 
tem was implemented to link guidelines state- 
ments directly to evidence strength. In 2009, in 
response to rapidly changing evidence that may 
render existing guidelines obsolete, the AUA 
created a new program called the Update Litera- 
ture Review. Every 15 months a methodologist 
and 3 panel members, 2 from the original guideline 
and 1 new member, evaluate new literature to 
determine if a guideline requires updating.? AUA 
guidelines are published on the Agency for Health- 
care Research and Quality’s National Guidelines 


Clearinghouse as well as on the AUA website at 
auanet.org. 

Similarly, the EAU process includes systematic 
literature review and meta-analysis by a multidisci- 
plinary panel, and grading of evidence based on 
strength of trial design. Recommendations are 
based on review of data and panel consensus. 
Newly published literature is assessed annually 
to guide future updates. '° 

The National Comprehensive Cancer Center 
Network guidelines process creates algorithms 
and decision pathways for management of malig- 
nancies based on critical evaluation of current 
evidence and consensus recommendations by a 
multidisciplinary panel of experts. Evidence is 
graded based on the extent, consistency, and 
quality of data as well as on the level of consensus 
among the panel and is expressed as categories 1, 
2A, 2B, and 3. Uniform consensus requires a ma- 
jority (85%) of the panel vote. Consensus requires 
50% panel vote. The guidelines are continuously 
reviewed and updated as evidence changes 
(www.nccn.org). 


PROSTATE CANCER SCREENING GUIDELINES 


In 1990, the debate over prostate cancer 
screening surrounded the pros and cons of digital 
rectal examination (DRE). Half of the cases were 
detected at a locally advanced stage and still there 
was debate as to whether there was a survival 
benefit.'' Later, the incorporation of prostate- 
specific antigen (PSA) testing into DRE screening 
was debated and found to increase overall detec- 
tion dramatically as well as shift the stage of 
detection to clinically localized disease. 1? 

The AUA released its first Best Practice State- 
ment on prostate cancer screening in 2000. At 
that time, available data showed that one-third of 
cancers were diagnosed at a locally advanced or 
metastatic stage and that “a very large proportion 
of cancers detected through PSA testing are likely 
to be clinically important, but that PSA testing is 
unlikely to detect many of the more prevalent 
small-volume_ histologic cancers.”'* Both PSA 
and DRE were recommended for prostate cancer 
screening, using a threshold of 4.0 ng/mL, a signif- 
icant increase in PSA from one test to the next, or 
an abnormal DRE to prompt consideration of 
prostate biopsy. The authors recommended a 
risk-and-benefit discussion with patients and indi- 
vidualization of early detection efforts rather than 
uniform application of mass screening. Further- 
more, testing was recommended to all men age 
50 or older with a 10-year life expectancy, and to 
African American men and those with a family his- 
tory of prostate cancer in a first-degree relative at 


an earlier age. This document also addressed the 
indications for staging tests such as bone scan, 
PSA kinetics after primary treatment, and PSA 
behavior in metastatic disease. Methodologically, 
the Best Practice Policy used literature review, 
expert opinion, consensus, and peer review. 

As the PSA screening era progressed, earlier 
and more indolent cases were detected and PSA 
screening came under fire for overdetection and 
overtreatment of men with prostate cancer. Still, 
no screening benefit was proven definitively 
despite attempts at randomized trials to answer 
this question.'*:'° In 2009 two trials of prostate 
cancer screening published interim results with 
different results in terms of the mortality benefit 
of screening.'°'’ The European Randomized 
Study of Screening for Prostate Cancer (ERSPC) 
found a 20% reduction in disease-specific mortal- 
ity in men screened, whereas the Prostate, Lung, 
Colorectal, and Ovarian (PLCO) trial found no dif- 
ference. Both trials came under fire for confound- 
ing factors and methodological flaws, which 
could explain results and both were used by 
various groups to support their screening recom- 
mendations. The results of these trials prompted 
some groups to encourage prostate cancer 
screening, including the AUA and American Can- 
cer Society, and others to recommend against it, 
such as the US Preventive Services Task Force. 

The AUA Best Practice Statement was updated 
in 2009, a year that saw great changes in the level 
of evidence surrounding PSA screening in the 
United States and Europe. This publication was 
similar in methodology to the 2000 document 
and again used literature review, expert opinion, 
panel consensus, and peer review. It differed in 
addressing the interval stage migration of prostate 
cancer with most cases now being diagnosed at a 
clinically localized stage. Overdiagnosis and over- 
treatment of indolent disease were addressed and 
active surveillance was proposed for patients 
diagnosed in this category. The age for obtaining 
a first PSA test was decreased to 40 years in all 
men with at least a 10-year life expectancy. No 
threshold PSA was recommended to prompt bi- 
opsy and a constellation of factors including free 
and total PSA, ethnicity, family history, size, age, 
PSA velocity, and comorbidities were suggested 
for consideration before proceeding with further 
testing. Although the guidelines were drafted 
before the publication of the of the ERSPC and 
PLCO trials, the authors thought that screening 
was justified in healthy, well-informed men based 
on the results of the ERSPC trial.'® 

More recently, the AUA Practice Guidelines 
Committee changed its methodology to a more 
formalized evidence-based approach, which 
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uses independently contracted teams of method- 
ologists to perform systematic reviews and meta- 
analysis of the literature as identified by the expert 
panel. A strength rating was assigned to the evi- 
dence supporting each recommendation ranging 
from A (high) to C (low). The 2013 Early Detection 
of Prostate Cancer Guideline differed from the 
prior 2 documents in both methodology and 
scope. Recommendations were largely based on 
modeling studies, meta-analysis, and systematic 
review of available data more heavily than on 
expert opinion and consensus, and the document 
focused on only the use of PSA to screen for pros- 
tate cancer rather than including posttreatment 
PSA kinetics or addressing staging studies. '° 

In summary, the Guideline recommended 
against screening men younger than age 40 and 
found no data to support routine screening be- 
tween 40 and 54 for average-risk men. Similar to 
the 2009 Best Practice Statements, this Guideline 
recommended individualization of screening deci- 
sions for younger men at higher risk due to race 
and/or family history. The panel recommended 
screening for men between 55 and 69 years based 
on the ERSPC trial but advocated shared 
decision-making due to the high rate of overdiag- 
nosis and overtreatment. A screening interval 
of 2 years was suggested rather than annual 
screening to balance risks and benefits of over- 
diagnosis and false-positive results. As in the 
2000 and 2009 Best Practice Statements, the 
2013 Guideline recommends against screening 
men with less than a 10-year life expectancy but 
also makes a statement against screening men 
greater than age 70 due to lack of evidence from 
modeling and the meta-analysis. A caveat to this 
is that men in excellent health older than age 70 
may benefit from screening. 

The primary way to diagnose prostate cancer 
currently is by transrectal or transperineal prostate 
biopsy. The risks and benefits of prostate biopsy 
should be discussed with patients before pro- 
ceeding. The emergence of fluoroquinolone- 
resistant Escherichia coli has resulted in an 
increased risk of sepsis from biopsy and is one 
important possible complication that must be ad- 
dressed before biopsy.*°*'! The AUA has pub- 
lished a white paper to provide some guidance 
regarding periprocedural prophylaxis.2° Along 
with the infectious risks, hematuria, hematochezia, 
hematospermia, dysuria and retention, and pain 
remain concerns that must be carefully considered 
and weighed against patient comorbidities.*° 

The EAU Early Detection of Prostate Cancer 
guideline was also updated and released in 
2013. The guideline supports PSA screening due 
to a decrease in prostate cancer-specific 
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mortality, development of advanced disease, 
and metastasis. This guideline recommends a 
baseline PSA between ages 40 and 45 years. 
PSA screening intervals should be based on the 
baseline PSA level. All men with a life expectancy 
of at least 10 years should be offered prostate can- 
cer screening. '° 


WHAT ISSUES WILL BE ADDRESSED IN THE 
IMMEDIATE FUTURE? 


The recently issued AUA prostate cancer 
screening guideline is not without controversy. 
Others, including the National Comprehensive 
Cancer Network, will revise guidelines based on 
new information. 


Will Screening Be Supported in the Future? 


Although the subject remains controversial, 
screening is likely to be supported by many. With 
an extra 2 years of follow-up, from 9 to 11 years, 
the ERSPC showed that the relative risk reduction 
of dying from prostate cancer increased from 20% 
to 38% for screened men versus unscreened 
men.'®?4 In addition, the number of prostate can- 
cers to detect to save one man from dying of pros- 
tate cancer decreased from 48 to 37. As the 
benefits of screening accrue over time, continued 
support for screening from level 1 evidence can 
be expected. The recent AUA guidelines on pros- 
tate cancer screening focused on level 1 evidence 
from randomized trials of screening in making its 
recommendations.'? These trials suggested a 
20% to 44% relative reduction in prostate cancer 
death among men ages 55 to 69 years. '®:2° 


At What Age Should Screening Start? 


There is no level 1 evidence regarding the harms or 
benefits of screening outside the age range noted 
above. The AUA suggests that screening in earlier 
age groups be considered based on risk. How- 
ever, although screening may be more efficient in 
high-risk populations, even lower-risk populations 
could potentially benefit. A recent study by 
Lilja and colleagues*® assessed blood from 
21,277 Swedish men age 33 to 40. Among the 
1312 cases of prostate cancer and 3728 controls 
without, the authors reported that a single PSA 
before 50 predicted subsequent prostate cancer 
up to 30 years later with an AUC of 0.72 (0.75 for 
advanced prostate cancer). In addition, the risk 
of prostate cancer death has been shown to be 
strongly correlated with baseline PSA in men 
ages 45 to 49 and 51 to 55. In this study, 44% of 
the deaths in the cohort occurred among men in 
the highest 10th of the distribution of PSA, 


suggesting that there may be a strong rationale 
for baseline testing in men younger than age 
55.2’ The authors contend that early testing can 
inform an individual about their lifetime risk of 
prostate cancer and the frequency of which they 
can be safely screened. However, these men 
were assessed by only a single PSA before the 
age of 50, and outcomes of serial screening in 
such younger populations are unclear, although 
predictive value has been attributed to a baseline 
PSA at age 40.2° Simulation models using national 
and trial data have suggested that the benefit to 
screening at an early age is modest.?® Although 
rates of overdiagnosis increase only marginally, 
there is a significant increase in cost and amount 
of testing. However, if future prospective studies 
support the observation that screening at an early 
age may help reduce the number of necessary 
tests and interval screens, without causing over- 
diagnosis, and compromising the number of lives 
saved, a more risk-adapted approach to screening 
may be seen in the future. 


When to Stop Screening? 


There is a currently no level 1 evidence to suggest 
a benefit of screening after age 70.16? A recent 
study assessing men in the Goteborg trial who 
were randomized to screening versus no 
screening until the age of 70 found the benefit of 
screening faded 9 years after terminating 
screening.°° At this point, an equal proportion of 
lethal cancers were found among screened and 
unscreened men. Modeling studies have sug- 
gested a significant risk of overdetection (50%) 
with screening older than the age of 70, reflecting 
that most men older than 70 will have cancer that 
is unlikely to affect their life expectancy.°' The Bal- 
timore Longitudinal Study of Aging found that men 
older than 70 with a PSA lower than 3.0 ng/mL had 
a low risk of dying of prostate cancer, suggesting 
they could safely stop screening.°* Modeling 
studies looking at another strategy of screening 
men up to age 74 with an increased threshold for 
biopsy suggest a reduction in the rate of overdiag- 
nosis by one-third with only a slight impact on lives 
saved.”° Only prospective randomized trials as- 
sessing the impact of screening in men younger 
than 55 or older than 70 could determine the true 
benefit in screening among these age groups. 
Some point out that the Göteborg trial does 
address screening in men in the 50 to 55 age 
range, although only the screening data for men 
age 55 and older were included in the ERSPC 
analysis.*° It is unlikely that such trials will be 
done, at least in the near future. It should be noted 
that the results noted above apply to men who 


have been screened before reaching age 70. Pre- 
viously unscreened men older than the age of 
70 who are in very good health may benefit from 
at least initial assessment. If screening is under- 
taken, patients need to be advised, before biopsy, 
of the significant risk of overdetection. 


How Often to Screen? 


Although none of the randomized trials were de- 
signed to compare various screening intervals, 
the PLCO randomized men to annual screening 
versus opportunistic screening, which occurred 
on average every other year.'”°° The study found 
no difference in the risk of death from prostate can- 
cer between groups, suggesting that screening 
every 2 years may provide comparable survival 
to screening annually. However, this was not a 
direct comparison of 2 groups who underwent re- 
gular screening at 2 different intervals in a well- 
conducted randomized trial. Simulation models 
looking at various screening intervals found that a 
strategy that screened every other year, with a 
longer interval (5 years) for men with low PSA levels, 
found modest differences in lives saved and over- 
diagnosis, but a large (50%-59%) reduction in the 
total tests performed and false positives compared 
with annual screening.?° Randomized trials com- 
paring men who are randomized to various 
different screening intervals are required to learn 
the ideal frequency of screening necessary to 
maximize survival, while minimizing overdiagnosis 
and cost from unnecessary testing. However, a 
2-year interval seems reasonable. 


Should DRE Be Part of Initial Screening? 


Although previous studies have suggested a utility 
for DRE in screening for prostate cancer, its role in 
more contemporary practice is uncertain. When 
assessing the control arm of the Prostate Cancer 
Prevention Trial, a cohort of 5519 men with a 
normal DRE and PSA less than 3.0 ng/mL, Thomp- 
son and colleagues“ found that an abnormal DRE 
increased the chance of detecting prostate cancer 
by almost 2.5-fold. 

Recent screening trials have used DRE either in 
conjunction with PSA for screening** or as an 
ancillary test for patients who are found to have 
an elevated PSA.'°?° To elucidate the specific 
role of DRE in screening for prostate cancer, Gos- 
selaar and colleagues®° determined the positive 
predictive value (PPV) of a suspicious and normal 
DRE within the ERSPC. The authors reported 
that in conjunction with an elevated PSA 
(>30 ng/mL), the PPV at initial screen of a suspi- 
cious DRE was 48.6% compared with a PPV of 
22.4% for a normal DRE. The PPV decreased for 
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both abnormal and normal DREs on successive 
screens (screen 2: 29.9% vs 17.1%, screen 3: 
21.2% vs 18.2%, respectively). In addition, the au- 
thors noted that almost 70% of Gleason 7 cancers 
detected on each screening interval were found in 
men with a suspicious DRE, lending support to a 
beneficial role of DRE in identifying more aggres- 
sive tumors. 

Because of mixed results from previous studies 
and the relative paucity of data looking at just DRE 
alone on screening for prostate cancer, there is still 
uncertainty regarding the role of DRE as an initial 
test for prostate cancer screening. DRE may 
improve the accuracy of detecting more clinically 
meaningful tumors compared with PSA alone 
and seems to add little cost or morbidity. However, 
it can be a barrier to screening for some men and 
its performance is variable across providers. 
Therefore, it may be best to consider DRE as 
optional as a primary screening modality, but it 
should be done in those found to have an elevated 
serum PSA. 


When to Biopsy? 


The AUA guidelines were vague on whom to bi- 
opsy, noting that there are many factors to 
consider. The ERSPC showed a benefit of 
screening complemented by biopsy of the pros- 
tate at a PSA level of 3.0 ng/mL in those 55 years 
of age or older. '® If the results of randomized trials 
are to be followed, this threshold seems reason- 
able. Others noted, including the AUA, that many 
factors that may lead to an increased PSA, such 
as age and prostate volume, be considered 
instead of relying on an absolute value of PSA 
alone.'? Alternatively, risk calculators may be 
helpful in men who are similar to those in cohorts 
from which the calculator has been devel- 
oped.°°°" Although risk calculators can allow 
informed decision-making, by reporting the risk 
of both prostate cancer and aggressive prostate 
cancer, they are limited by the lack of an 
evidence-based threshold for when a biopsy 
should be performed. 


Should PSA Velocity Be Used? 


The use of PSA velocity to prompt a biopsy is 
controversial and has not been investigated in ran- 
domized clinical trials. Vickers? assessed the 
impact of PSA velocity to predict the likelihood of 
prostate cancer among 5519 men undergoing bi- 
opsy in the control arm of the Prostate Cancer Pre- 
vention Trial and found that PSA velocity added 
very little, in addition to an absolute PSA, to a 
multivariable model (increase in AUC by 0.07). In 
addition, it was noted that recommending men 
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solely on PSA velocity without any other indication 
would lead to a large increase in the number of 
additional biopsies, with almost 1 in 7 men 
receiving a biopsy. Further support for this comes 
from the modeling literature, which found that 
screening strategies that used PSA velocity were 
more likely to lead to overdiagnosis and false- 
positive tests, resulting in more harms relative to 
incremental lives saved.°' Although controversy 
still remains regarding the use of PSA velocity, 
the concern for false positives and overdetection 
coupled with a lack of increased predictive accu- 
racy compared with PSA alone has limited its 
use in contemporary and future guidelines. Ran- 
domized trials assessing PSA velocity and other 
secondary screening tests such as DRE, PSA den- 
sity, and PCA are needed to know the impact of 
these tests on prostate cancer screening. 


SUMMARY 


There are many questions left unanswered from 
the randomized trials on prostate cancer scr- 
eening. Although observational studies and simu- 
lation models have shed some interesting light 
on many of these uncertainties, well-done clinical 
trials will provide the best evidence on screening 
among the extremes of age, the most appropriate 
interval to screen, and the best complement of 
tests to use. Despite a shift away from expert 
opinion and favoring more objective methodology 
such as meta-analysis and systematic review, or 
perhaps because of it, guidelines can be almost 
deliberately vague and may be outdated soon after 
publication. There is a dearth of high-quality data 
for analysis so any new study can skew results. 
Guidelines panels often try to preserve physician 
autonomy and write guidelines in such a way as 
to prevent their use in litigation or reimbursement. 
Over the last 2 decades, prostate cancer scr- 
eening has evolved from prioritizing sensitivity of 
diagnosis in an attempt to favor early detection 
of localized disease to specificity of detecting 
men at highest risk with statistically highest 
benefit. Enthusiasm for screening is temporized 
by acknowledgment that overdetection leads to 
frequent overtreatment despite evidence support- 
ing the safety of active surveillance in many men 
with low-risk disease. 
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KEY POINTS 


e Because cancer, especially prostate cancer (PC), is predominantly a disease of the elderly, increases 
in the number of older people will inevitably lead to more cases of cancer. 

e The worldwide variable relation between prostate cancer mortality and life expectancy points to- 
ward racial and dietary influences on the occurrence and characteristics of prostate cancer. 

e Contradictory study results are the basis of a still-ongoing debate on whether or not prostate- 
specific antigen (PSA)—based screening should be offered, which has led to many different guide- 


lines worldwide. 


e The PSA test has remarkable features as a screening test (easy to implement, reliable, cheap, 
capable of risk stratifying men at very low risk), but it is unable to identify men at moderate or 
high risk of having PC and having a potentially indolent and aggressive PC. 

e Worldwide, further research on refining PSA-based algorithms, dealing with overdiagnosis, devel- 
oping and validating more specific biomarkers, and exploring the role of imaging are ongoing; it is 
hoped that it will lead to an acceptable prostate cancer screening algorithm. 


INTRODUCTION 


The estimated population of the world in 2008 was 
6.75 billion people, increasing by around 79 million 
people each year.' The world population is aging. 
In 1970, the world median age was 22 years; and it 
is projected to reach 38 years by 2050. The num- 
ber of people in the world aged 60 years and older 
is expected to almost triple to 2 billion by 2050. 
Because cancer, especially prostate cancer, is 
predominantly a disease of the elderly, increases 
in the number of older people will inevitably lead 
to more cases of cancer, even if current incidence 
rates remain the same.’ 


PROSTATE CANCER AND LIFE EXPECTANCY 


As early as in 1898, Alberran and Hallé? noted the 
presence of a substantial number of prostate 
cancers in asymptomatic men. In 1954, Franks* 
described that, in a UK population of men older 


than 50 years, about 38% harbored a “latent” 
prostate cancer; already at that time it was 
mentioned that the observed increase in incidence 
was caused by lengthening of longevity from 
46.6 years in 1911 to 67 years in 1947. 

Incidence data of prostate cancer per age group 
for Europe (United Kingdom) and the United States 
are shown in Fig. 1 and confirm these early figures; 
prostate cancer is a disease of the elderly and, 
hence, will form a potential health problem for 
those countries where the life expectancy is re- 
latively high (ie, >70 years).° 

Similar data are available for prostate cancer 
mortality (Fig. 2). These observations are 
confirmed when looking at the worldwide distribu- 
tion of deaths caused by prostate cancer. In 2008, 
approximately 258,000 men died of prostate can- 
cer, with more than half of these deaths occurring 
in the developed world. 

The relation between life expectancy and age- 
standardized prostate cancer mortality rates is 
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Fig. 1. Prostate cancer incidence per age group (data from the United Kingdom and United States). (From Cancer- 
Stats: cancer statistics for the UK. Available at: http://www.cancerresearchuk.org/cancer-info/cancerstats/ and 
http://seer.cancer.govw/statfacts/html/prost.html. Accessed January 23, 2014.) 


displayed in Fig. 3. Remarkable are the Asian and 
African continent where, in the Asian countries, 
despite a high life expectancy, the prostate cancer 
mortality rates are relatively low. It must be noted, 
however, that the most recent data show an in- 
crease.° In the African continent, the opposite is 
true; life expectancy is relatively low, whereas 
prostate cancer mortality is one of the highest in 
the world. These observations point toward racial 
and dietary influences on the occurrence and 
characteristics of prostate cancer.°° In addition, 
the availability of structured health care may also 
play a role.'° 


RANDOMIZED PROSTATE CANCER 
SCREENING TRIALS 


When looking at Fig. 3, it is not surprising that 
studies with the goal to investigate whether 
population-based screening could reduce pros- 
tate cancer-specific mortality were initiated in 
the United States and Europe.'''* Both trials, 
the European Randomized Study of Screening 


for Prostate Cancer (ERSPC) in Europe and the 
prostate arm of the Prostate, Lung, Colorectal, 
and Ovarian Cancer Screening Trial (PLCO) in the 
United States, reported their results on mortality 
outcomes in 2009 and 2012.'°'* Remarkably, 
the results were contradictory. Although the Euro- 
pean trial showed a statistically significant relative 
reduction of 20% in favor of screening, the US trial 
showed no effect on disease-specific mortality. It 
is currently generally accepted that the outcome 
of both trials, being very different in design and 
conduct, cannot be compared directly. The 
ERSPC shows an effect of systematic, strictly 
protocol, prostate-specific antigen (PSA)-based 
screening versus no screening, whereas the 
PLCO shows PSA-based screening according to 
a protocol but with the possibility of including clin- 
ical judgment versus a control arm where opportu- 
nistic screening was very common.'°:'© Despite 
these fundamental differences in design both tri- 
als, and with the inclusion of smaller (randomized) 
trials studying the effect of (PSA-based) prostate 
cancer screening on prostate cancer (PC) 
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Fig. 2. Prostate cancer mortality per age group. (From Cancer-Stats: cancer statistics for the UK. Available at: 
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Fig. 3. Life expectancy and estimated age-standardized mortality rate per 100,000 men. (From GLOBOCAN 2012: 
estimated cancer incidence, mortality and prevalence worldwide in 2012. Available at: http://globocan.iarc.fr/. 
Accessed January 23, 2014.) 
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mortality, meta-analyses have been performed, 
which, as can be expected, have been heavily 
criticized.'7~'9 

Next to the randomized prospective trials, 
modeling studies have been initiated to circum- 
vent the current lack of follow-up and restrictions 
with respect to sample size. Based on the empiric 
screening data and the Surveillance, Epidemi- 
ology, and End Results (SEER) registry data in 
the United States, it has been estimated that 
screening results in a considerable percentage of 
overdiagnosed cases (between 15% and 37%).7° 
The models projected that 45% to 70% of the 
observed decline in PC mortality in the United 
States could be plausibly attributed to the stage 
shift induced by screening. More recent data 
showed that changes in primary treatment ex- 
plained 22% to 33% of the observed decline in 
prostate cancer mortality. The remainder of 
the decline probably was because of other inter- 
ventions, such as advances in the treatment 
of recurrent and progressive disease.*' When 
extrapolating the ERSPC mortality reduction to 
the long-term US setting, it was estimated that 
the absolute mortality reduction is at least 5 times 
greater than that observed in the trial with a me- 
dian follow-up of only 11 years.?? 

Modeling studies can also be used to predict 
potential harms and benefits of different screening 
policies.*° Although the data clearly indicate that 
PSA screening strategies that use higher thresh- 
olds for biopsy referral for older men or screen 
men with low PSA levels less frequently lead to 
a reduction in harms, the fact that mortality re- 
duction as compared with more aggressive 
screening policies is also lowered (although some- 
times marginally) further drives uncertainty and 
debate.2*° 


GUIDELINES ON PROSTATE CANCER 
SCREENING 


These contradictory and, thus, confusing findings 
are the basis of a still-ongoing debate on whether 
or not PSA-based screening should be offered 
either in the setting of clinical practice (early detec- 
tion) or in a structured population-based program 
(screening). This debate has led to many different 
guidelines worldwide (Table 1, adapted/updated 
from?°). 

Recently, the debate was refueled with the 
release of updated guidelines on PSA testing by 
the American Urological Association (AUA).?° 
Purely considering the available evidence and 
addressing both early detection and screening 
asymptomatic men, the panel recommends 
against PSA testing in men younger than 40 years. 


The panel does not recommend routine screening 
in men aged between 40 and 54 years at average 
risk; for men aged 55 to 69 years, the panel recom- 
mends shared decision making. In addition, the 
panel advises a 2-year or more screening interval 
to reduce the harms of screening and intervals 
for rescreening to be individualized by a baseline 
PSA level in men with more than average risk on 
developing PC. With respect to the upper age cut- 
off for screening, no routine PSA screening in men 
aged 70 years and older or any man with less than 
a 10- to 15-year life expectancy is advised. How- 
ever, men aged 70 years and older who are in 
excellent health may benefit from prostate cancer 
screening. As expected, similar to the ongoing 
debate on the 2 randomized trials, these guide- 
lines resulted in a fierce debate, which is still 
ongoing. Although the actual recommendations 
of the AUA’s guidelines are generally accepted, it 
is more the way they are presented and, hence, in- 
terpreted.°° The 5 statements primarily address 
asymptomatic men and as a result recommenda- 
tions applying to men at higher risk appear to 
have been lost in the emphasis. Altogether these 
contradictory scientific publications, editorials, 
guidelines, and public discussions are extremely 
confusing for both clinicians and laypeople. The 
worldwide urological association (Societe Interna- 
tional d’Urologie) has, to be of aid in this dilemma, 
released 3 decision aids for urologists, general 
practitioners (GPs), and laypeople.°° It is obvious 
that an important task awaits the scientists work- 
ing on prostate cancer screening and early detec- 
tion and that this controversy, leading to 
uncertainty, needs to be resolved as soon as 
possible. 


SCREENING INITIATIVES WORLDWIDE 


Meanwhile, around the world national screening 
studies/programs are being initiated. Studies initi- 
ated with the goal to study more advanced state- 
of-the-art screening algorithms or with the goal 
to assess feasibility and performance characteris- 
tics in their specific national settings. 


Population-Based Screening in Lithuania, the 
Early Prostate Cancer Detection Program 


Despite the uncertainties mentioned earlier, the 
Lithuanian Ministry of Health, already in 2006, 
launched the national Early Prostate Cancer 
Detection Program (EPCDP).°’ According to the 
regulations of the EPCDP, men aged 50 to 75 years 
attending GPs are informed about the possibilities 
of early detection of PC and offered a PSA test free 
of charge once a year. This service is also offered 
to men aged 45 to 49 years if their first-degree 


Table 1 
Guidelines and recommendations on prostate cancer screening 


Guideline Group Recommendation 


US Preventive 
Services Task 
Force 


Recommends against 
screening (grade D) 


Informed decision 
making 


American Cancer 
Society 
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Age to Begin 


Begin PSA testing at 40 y if 
at highest risk (several 
first-degree relatives 
diagnosed with prostate 
cancer <65 y). 

Begin at 45 y for men at high 
risk (African American 
men and/or men with a 
first-degree relative). 

“Begin at age 50 for men at 
average risk and with a 
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Interval/Algorithm 


“Men who choose to be 
tested who have a PSA of 
less than 2.5 ng/mL, may 
only need to be retested 
every 2 y.” 

“Screening should be done 
yearly for men whose 
PSA level is 2.5 ng/mL or 
higher.” 


life-expectancy >10 y.” 


Well-informed men 
who wish to pursue 
early diagnosis 


American 
Urological 
Association 


Insufficient evidence 
to recommend 
widespread 
population-based 
PSA screening 

Early detection 
(opportunistic 
screening) offered 
to well-informed 
men 


European 
Association 
of Urology 


There should be no PSA 
screening in men younger 
than 40 y. 

There should be no routine 
screening in men aged 
between 40 and 54 y at 
average risk. 

There should be shared 
decision making for men 
aged 55 to 69 y who are 
considering PSA 
screening, and proceed 
based on a man’s values 
and preferences. 

There should be no routine 
PSA screening in men 
aged 70+ y or any man 
with less than a 10- to 15-y 
life expectancy. 


There should be a baseline 
PSA at 40 y. 


There should be a routine 
screening interval of 2 y 
or more, individualized 
by a baseline PSA level. 


Base the subsequent 
screening interval on the 
baseline PSA. 

A screening interval of 8 y 
might be enough in men 
with initial PSA levels 
<1 ng/mL. 

Further PSA testing is not 
necessary in men older 
than 75 y and a baseline 
PSA <3 ng/mL because of 
their very low risk of 


dying of prostate cancer. 


National Informed discussion 
Comprehensive 


Cancer Network 


There should be baseline 


DRE and PSA at 40 y. 


There should be annual 


screening at 50 y. 


The algorithm is based on 


initial testing. 


Repeat screening at 45 y 


of age if the PSA is 


<1.0 ng/mL. 


(continued on next page) 
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Table 1 
(continued) 


Guideline Group Recommendation Age to Begin Interval/Algorithm 


American College Insufficient evidence Discussion about screening — 
of Preventive to recommend should occur annually, 
Medicine routine screening during the routine 

periodic examination, or 
in response to a request 


iy patients 
Melbourne Routine population- Healthy, well-informed — 
Consensus based screening men (aged 55-69 y) 
Statement not recommended should be fully counseled 
about the positive and 
negative aspects of PSA 
testing to reduce their 
risk of metastases and 
death; a baseline PSA in 
the 40s has value for risk 
stratification. 
All should be part of the 
shared decision-making 
process. 


Japanese Recommends PSA Candidates for PSA The optimal screening 


Urological 
Association 


screening 


screening are men aged 
50 y or older in general 
and 40 y or older in men 


interval cannot be stated 
at present but might be 
closely related to 


with a family history. 


Abbreviation: DRE, digital rectal examination. 
Data from Refs.?” 4 


relatives have PC. Health care providers are not 
prompted or supported to invite men for PSA 
testing, though this approach is not forbidden. 
Men participating in EPCPD are informed by GPs 
about the benefits and pitfalls of PSA testing. Par- 
ticipants must sign an informed consent form 
before inclusion into the program. GPs refer partic- 
ipants for further workup if the PSA is greater than 
3 ng/mL. The decision to perform prostate biopsy 
is at the discretion of the patient and consulting 
urologist. The main objectives of the EPCDP are 
to increase detection of PC at an early stage and 
to reduce mortality of patients with PC. So far, 
Lithuania is the only country in Europe to offer 
PSA testing to healthy asymptomatic men. A 
recent publication shows that after the introduc- 
tion of the EPCDP in Lithuania, the incidence of 
PC reached 227.8 per 100,000 in 2006 to 2008 
and is now among the highest in Europe. An effect 
on PC mortality has not yet been observed with 
limited follow-up. The program is ongoing.®® 


baseline PSA levels; it 
should be once every 3 y 
for men with baseline 
PSA levels lower than 
1.0 ng/mL and annually 
for men with baseline 
PSA levels >1.0 ng/mL. 


The Stockholm 2-3 Project 


Stockholm (STHLM) 2 is the largest research proj- 
ect in Sweden about prostate cancer and is a 
collaboration between Karolinska Institutet and 
Karolinska University Hospital. The aim is to find 
how heredity, environment, and genetic changes 
can be used to predict the risk of developing pros- 
tate cancer. A total of 26,000 men who were 
visiting a physician and took a PSA test or were 
diagnosed with PC in the Stockholm health care 
system were included in this bio bank initiative 
(2010-2012). Men contributed samples of DNA, 
plasma, and urine and were also asked to fill out 
a Web questionnaire about lifestyle factors. The 
collected material and data will be analyzed with 
respect to their capability to predict PC yes or 
no, and even more important to ability to predict 
potentially aggressive PC. Analyses will be based 
on promising serum biomarker panels and/or 
available genomic markers in combination with 


detailed follow-up on incidence and mortality. The 
next step is the new project STHLMS starting in 
2013. The aim of STHLMS is a systemized prostate 
cancer testing for all men within the age range of 
50 to 69 years in the Stockholm area. Approxi- 
mately 260,000 men will be invited and random- 
ized to either a control/PSA arm whereby referral 
to biopsy will be based on PSA only, with a PSA 
of 3 or greater as the level of referral to prostate 
biopsy, and an intervention/best biomarker panel 
arm whereby referral to biopsy will be determined 
by a risk prediction model based on age, an array 
of single-nucleotide polymorphisms (SNPs), family 
history, and protein-based biomarkers.°° 


The Prostate Cancer Risk Management 
Program in the United Kingdom 


In the United Kingdom, there is no organized 
screening program for PC, but there is an informed 
choice program. The aim of the Prostate Cancer 
Risk Management program is to ensure that men 
who are concerned about the risk of prostate can- 
cer receive clear and balanced information about 
the advantages and disadvantages of the PSA 
test and treatment of prostate cancer. This infor- 
mation will help men to decide whether they 
want to have the test. Their statement is that any 
man older than 50 years who asks for a PSA test 
after careful consideration of the implications 
should be given one.*° 

Within the so-called ProtecT trial (evaluating the 
effectiveness of treatment for clinically localised 
prostate cancer) in the UK there is a sub-study 
called The CAP (Comparison Arm for ProtecT) 
study. The objective of this study is to evaluate 
the effectiveness of population screening for PC 
by establishing a cluster randomised trial allo- 
cating general practices to either intensive case- 
finding (the ProtecT trial) or unscreened standard 
practice in order to: provide an unbiased estimate 
of the effect of a single screening round for PC on 
PC-specific and all-cause mortality in the popula- 
tion, and to contribute to the international effort to 
investigate the impact of PC screening.*' Both 
studies are ongoing and are expected to report 
their findings in 2015.*' 


PSA-Based Screening or Risk-Based Screening, 
Individual Risk Assessment for Prostate 
Cancer: an Impact Analysis, the Netherlands 


PSA-based early detection/screening is far from 
perfect. The performance characteristics of the 
PSA test leads to unnecessary testing, the diag- 
nosis of potentially indolent PC, and subsequent 
overtreatment. This circumstance has led to 
numerous approaches to improve predictive 
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capability. One of these approaches is to combine 
the outcome of the PSA test with other relevant 
prebiopsy information into so-called risk calcula- 
tors or nomograms. These multivariate risk stratifi- 
cation tools hold great potential for screening 
prostate cancer as well as for diagnosing, classi- 
fying, and monitoring this disease.**-** Although 
their potential to be of aid in reducing unnecessary 
testing and overdiagnosis is, thus, well known, 
accepted actual use of these prediction tools in 
clinical practice is not common. A recent survey 
among oncologists and urologists reported that 
55% of the urologists actually used prostate can- 
cer nomograms.*° In the Netherlands, an imple- 
mentation study was initiated with the goal to 
stimulate the use of the Rotterdam prostate can- 
cer risk calculator*®*’ into clinical practice. A total 
of 5 Dutch urological clinics participated, and 443 
men were included in this study whereby a pros- 
tate biopsy was recommended if the calculated 
risk was 20% or more.*® Both urologists and pa- 
tients complied with the risk calculator (RC) 
recommendation in 83% of the cases. If a biopsy 
was recommended, almost all patients (96%) 
complied, although 36% of patients with a calcu- 
lated risk less than 20% were biopsied. Note- 
worthy was the fact that if urologists opted for 
biopsies against the recommendations of the RC 
(calculated risk <20%), it was because of an 
elevated PSA level (>3 ng/mL). In addition, the 
RC predicted outcome of prostate biopsy better 
than basing the decision to biopsy on the outcome 
of PSA and the outcome of the digital rectal exam- 
ination (DRE); the positive predictive value (PPV, 
ie, the number of prostate biopsies with PC de- 
tected divided by the total number of prostate bi- 
opsies) using a risk cutoff of 20% or more was 
49%.*° This active implementation study 
(providing support of a study nurse during the 
clinic) has shown that the use of a risk-based 
approach is well accepted by both urologists and 
patients and that the number of unnecessary bi- 
opsies can be reduced. The challenge now is to 
continue and expand the use of these tools in clin- 
ical practice. 


PSA Mass Screening in the Federal State of 
Tyrol, Austria 


The objective of this trial initiated in 1993 was to 
monitor the impact of screening in a natural exper- 
iment by comparing prostate cancer mortality in 
Tyrol, where PSA testing was introduced at no 
charge, with the rest of Austria, where it was not 
introduced. 

This mass screening project was conducted be- 
tween October 1993 and September 1994 with 
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PSA as the initial test for the early detection of 
prostate carcinoma. Approximately 65,000 Tyro- 
lean males age 45-75 years were invited to partic- 
ipate in this screening program free of charge. 
Twenty-one thousand and seventy-eight male vol- 
unteers (82%) responded. Of the 21,078 volun- 
teers, 1618 (8%) had elevated PSA levels 
according to age-referenced levels. Of these 
men, 778 (48%) underwent biopsies; 197 biopsies 
(25%) were positive for PC. 

In the latest publication®® of the Tyrol trial 
applying an age-period-cohort model using Pois- 
son regression, to the mortality data covering 
more than three decades from 1970 to 2008 it 
was found that there was a significant reduction 
in PC mortality with a risk ratio of 0.70 (95% confi- 
dence interval 0.57, 0.87) for Tyrol, and for Austria 
excluding Tyrol a moderate reduction with a risk 
ratio of 0.92 (95% confidence interval 0.87, 0.97), 
each compared to the mortality rate in the period 
1989-1993. 

The conclusions from the study were that the 
decline in prostate cancer mortality was probably 
due to aggressive down staging and successful 
treatment. 


PSA-Based Screening in Asia 


In a recent report from a multidisciplinary panel 
from Asia-Pacific countries that met during a 
consensus session on prostate cancer (2013 Asian 
Oncology Summit in Bangkok, Thailand), it 
became clear that there is a general trend toward 
an increasing incidence of prostate cancer in 
countries, such as China, Japan, the Philippines, 
Singapore, South Korea, and Thailand.°' How- 
ever, because of the lack of high-level evidence 
on the effectiveness of PSA-based screening per- 
taining to the Asian population, the committee 
stresses the need for local studies to validate the 
European and US guidelines. 

One of the largest initiatives was a PSA-based 
screening trial in China. From July 1999 to April 
2002, a total of 19,808 Chinese men in Changchun 
who were older than 50 years were invited for 
screening.°” A total of 12,027 men agreed to partic- 
ipate.°' The PSA distribution and, hence, the can- 
cer detection rate (CDR) was quite different from 
the European and US data. Ninety-three percent 
of men had a PSA less than 4.0 ng/mL. A total of 
158 men were actually biopsied, resulting in 41 
PC cases detected (PPV 25.9% and CDR 0.34%). 
Gleason grading of the PC found that 22% of PC 
were Gleason 6. The investigators concluded that 
although PSA distribution differs from the Western 
world, the PPV and the relationship of PSA, CDR, 
and Gleason grading is comparable. 


This last observation is confirmed by a Japa- 
nese study whereby PPVs per PSA level were as- 
sessed.°° The study cohort consisted of men with 
initial PSA levels less than 4.0 ng/mL and no sus- 
picious findings on DRE from a population-based 
prostate cancer screening cohort in Gunma Pre- 
fecture, Japan and ERSPC section Rotterdam. 
Looking at a 4-year period, the investigators 
concluded that the risk of developing PC was 
greater for Dutch men because they had higher 
initial PSA levels. However, there was no signifi- 
cant difference in PC risk between Dutch and Jap- 
anese men whose baseline PSA levels fall within 
the same range. 

The Japanese cohort used in the study 
mentioned earlier originated from the Gunma 
PSA-based screening study.°* The Gunma study 
was initiated in 1981. Between 1981 and 1991, 
DRE and prostatic acid phosphatase were used 
as screening modalities. After 1992, PSA-based 
screening has been carried out for all participants. 
DRE and transrectal ultrasonography were also 
performed as ancillary tests in most municipalities 
until 1994. Between 1992 and 2000, 13,021 men, 
50 to 79 years old, had their PSA level measured. 
Similar to the Chinese data, 92.6% had an initial 
PSA level of 4.0 ng/mL or less. In this particular 
study of the Gunma cohort, the focus was on 
PSA change and confirmed earlier observations 
that the probability of PSA increase toward PSA 
levels greater than 4.0 ng/mL was similar between 
Americans and Japanese men having the same 
baseline PSA ranges. 

More recent data from Japan come from a 
PSA-based screening system for PC initiated by 
the municipal government in Kanazawa.°° In the 
2000-2005 period, a total of 27,730 men aged 55 
to 69 years were PSA tested. From 2000 to 2002, 
patients with total PSA (tPSA) greater than 
2.1 ng/mL were referred for further assessment. 
Since 2003, patients with tPSA levels ranging 
from 2.1 to 10.0 ng/mL and free/tPSA ratios 
more than 0.22 have not been referred. Although 
2810 men were further assessed, only 925 men 
were actually biopsied (based on clinical judgment 
and DRE) and 214 PC were detected. During the 
6-year period, 60 of the 214 men with PC had 
PSA levels between 2.1 and 4.0 ng/mL. 

With this last observation, the investigators 
confirm the US and European data showing that, 
at low PSA values, PC is also present at consider- 
able rates.°°:5” 


SUMMARY 


PC screening has been one of the most controver- 
sial topics in the urological society for decades. 


Although the PSA test has remarkable features as 
a screening test (easy to implement, reliable, 
cheap, capable of risk stratifying men at very low 
risk), it is hampered by a lack of identifying men 
at moderate or high risk of having PC; in addition, 
it cannot distinguish between potentially indolent 
and aggressive PC. In PC screening, the latter is 
especially of crucial importance; PC is a disease 
with different faces and is very common, espe- 
cially in older men. This point automatically implies 
that screening for PC with the PSA test will coin- 
cide with unnecessary testing and the diagnosis 
of PC cases that, without being detected, would 
never cause any complaints before death. This un- 
necessary testing and overdiagnosis are the basis 
of the ongoing debate on whether screening or 
early detection for PC is indicated and should be 
pursued at a large scale. Currently, there is no 
solution for this dilemma. Worldwide, there is 
ample research ongoing showing that, in general, 
PC incidence is increasing. However, worldwide 
studies all show similarity with respect to the per- 
formance characteristics of the PSA test. World- 
wide, further research on refining PSA-based 
algorithms, dealing with overdiagnosis, devel- 
oping and validating more specific biomarkers, 
and exploring the role of imaging are ongoing; it 
is hoped that it will lead to an answer to this 
frequently asked question: Should we screen for 
PC? For now, we are obliged to inform our peers 
and potential patients as well as possible to be 
sure that if one applies or undergoes PSA 
screening, it is with full knowledge of all potential 
harms and benefits. 


REFERENCES 


1. UN. World population prospects: the 2008 revision. 
New York: United Nations, Department of Eco- 
nomic and Social Affairs, Population Division; 2009. 

2. Available at: http://oublications.cancerresearchuk. 
org. Accessed June 1, 2013. 

3. Alberran J, Hallé N. Hypertrophie et néoplasies 
épitheliales de la prostate. Ann des Mal. Org. 
Gen-Urin 1898;17:797-801. 

4. Franks LM. Latent carcinoma of the prostate. 
J Pathol Bacteriol 1954;68:603-16. 

5. Available at: http://seer.cancer.gov/statfacts/html/ 
prost.html. Accessed February 13, 2014. 

6. Namiki M, Akaza H, Lee SE, et al. Prostate cancer 
working group report. Jpn J Clin Oncol 2010; 
40(Suppl 1):i70-5. 

7. Akaza H, Hinotsu S, Cooperberg MR, et al. Sixth 
joint meeting of J-CaP and CaPSURE-a multina- 
tional perspective on prostate cancer management 
and patient outcomes. Jpn J Clin Oncol 2013; 
43(7):756-66. 


International Perspectives on Screening 


10. 


11. 


12; 


13. 


14. 


15: 


16. 


ire 


18. 


19. 


20. 


21. 


. Kinseth MA, Jia Z, Rahmatpanah F, et al. Expres- 


sion between African American and Caucasian 
prostate cancer tissue reveals that stroma is the 
site of aggressive changes. Int J Cancer 2014; 
134(1):81-91. 


. Chu LW, Ritchey J, Devesa SS, et al. Prostate can- 


cer incidence rates in Africa. Prostate Cancer 
2011;2011:947870. 

Stokes WA, Hendrix LH, Royce Tu, et al. Racial dif- 
ferences in time from prostate cancer diagnosis to 
treatment initiation: a population-based study. Can- 
cer 2013;119(13):2486-93. 

Schröder FH, Hugosson J, Roobol MJ, et al, 
ERSPC Investigators. Screening and prostate- 
cancer mortality in a randomized European study. 
N Engl J Med 2009;360(13):1320-8. 

Andriole GL, Crawford ED, Grubb RL 3rd, et al, 
PLCO Project Team. Mortality results from a ran- 
domized prostate-cancer screening trial. N Engl J 
Med 2009;360(13):1310-9. 

Andriole GL, Crawford ED, Grubb RL 3rd, et al, 
PLCO Project Team. Prostate cancer screening in 
the randomized prostate, lung, colorectal, and 
ovarian cancer screening trial: mortality results af- 
ter 13 years of follow-up. J Natl Cancer Inst 2012; 
104(2):125-32. 
Schröder FH, Hugosson J, Roobol MJ, et al, 
ERSPC Investigators. Prostate-cancer mortality at 
11 years of follow-up. N Engl J Med 2012; 
366(11):981-90. 
Schröder FH, Roobol MJ. ERSPC and PLCO pros- 
tate cancer screening studies: what are the differ- 
ences? Eur Urol 2010;58(1):46-52. 

Gulati R, Tsodikov A, Wever EM, et al. The impact 
of PLCO control arm contamination on perceived 
PSA screening efficacy. Cancer Causes Control 
2012;23(6):827-35. 

llic D, Neuberger MM, Djulbegovic M, et al. 
Screening for prostate cancer. Cochrane Database 
Syst Rev 2013;(1):CD004720. 

Djulbegovic M, Beyth RJ, Neuberger MM, et al. 
Screening for prostate cancer: systematic review 
and meta-analysis of randomised controlled trials. 
BMJ 2010;341:c4543. 

Roobol MJ, Carlsson S, Hugosson J. Meta-analysis 
finds screening for prostate cancer with PSA does 
not reduce prostate cancer-related or all-cause 
mortality but results likely due to heterogeneity - 
the two highest quality studies identified do find 
prostate cancer-related mortality reductions. Evid 
Based Med 2011;16(1):20-1. 

Etzioni R, Tsodikov A, Mariotto A, et al. Quantifying 
the role of PSA screening in the US prostate cancer 
mortality decline. Cancer Causes Control 2008; 
19(2):175-81. 

Etzioni R, Gulati R, Tsodikov A, et al. The prostate 
cancer conundrum revisited: treatment changes 


245 


246 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


Roobol 


and prostate cancer mortality declines. Cancer 
2012; 118(23):5955-63. 

Etzioni R, Gulati R, Cooperberg MR, et al. Limita- 
tions of basing screening policies on screening tri- 
als: the US preventive services task force and 
prostate cancer screening. Med Care 2013;51(4): 
295-300. 

Gulati R, Gore JL, Etzioni R. Comparative effectiveness 
of alternative prostate-specific antigen-based pros- 
tate cancer screening strategies: model estimates of 
potential benefits and harms. Ann Intern Med 2013; 
158(3):145-53. 

Summaries for patients. Screening smarter, not 
harder, for prostate cancer. Ann Intern Med 2013; 
158(3):1-30. 

Concato J. Probability, uncertainty, and prostate 
cancer. Ann Intern Med 2013; 158(3):21 1-2. 
Roobol MJ, Carlsson SV. Risk stratification in pros- 
tate cancer screening. Nat Rev Urol 2013;10(1): 
38-48. 

Moyer VA, U.S. Preventive Services Task Force. 
Screening for prostate cancer: U.S. preventive ser- 
vices task force recommendation statement. Ann 
Intern Med 2012; 157(2):120-34. 

Wolf AM, Wender RC, Etzioni RB, et al. American 
Cancer Society guideline for the early detection 
of prostate cancer: update 2010. CA Cancer J 
Clin 2010;60:70-98. 

Carter HB, Albertsen PC, Barry MJ, et al. Early 
detection of prostate cancer: AUA guideline. 
J Urol 2013;190(2):419-26. 

Heidenreich A, Bellmunt J, Bolla M, et al. EAU 
guidelines on prostate cancer. Part 1: screening, 
diagnosis, and treatment of clinically localised dis- 
ease. Eur Urol 2011;59:61-71. 

Kawachi MH, Bahnson RR, Barry M, et al. NCCN 
clinical practice guidelines in oncology: prostate 
cancer early detection. J Natl Compr Canc Netw 
2010;8:240-62. 

Lim LS, Sherin K. Screening for prostate cancer in 
U.S. men ACPM position statement on preventive 
practice. Am J Prev Med 2008;34: 164-70. 
Murphy DG, Ahlering T, Catalona WJ, et al. The 
Melbourne consensus statement on the early 
detection of prostate cancer. BJU Int 2014;113(2): 
186-8. 

The Committee for Establishment of the Guidelines 
on Screening for Prostate Cancer, Japanese Uro- 
logical Association. Updated Japanese Urological 
Association Guidelines on prostate-specific anti- 
gen-based screening for prostate cancer in 2010. 
Int J Urol 2010;17(10):830-8. 

Available at: htto://www.bjuinternational.com/bjui- 
blog/the-new-aua-psa-testing-guidelines-leave-me- 
scratching-my-head/. Accessed January 10, 2014. 
Available at: —http://www.siu-urology.org/psa-aid. 
aspx. Accessed January 10, 2014. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


Jankevicius F, Adomaitis R, Jievaltas M, et al. The 
launch of the Lithuanian Early Prostate Cancer 
Detection Program (EPCDP). Eur Urol Suppl 
2007;6:174. 

Smailyte G, Aleknaviciene B. Incidence of prostate 
cancer in Lithuania after introduction of the Early 
Prostate Cancer Detection Programme. Public 
Health 2012;126:1075-7. 

Available at: http://controlled-trials.com/ISRCTN 
84445406. Accessed June 16, 2013. 

Available at: http://www.cancerscreening.nhs.uk/ 
prostate/index.html. Accessed June 16, 2013. 
Lane JA, Hamdy FC, Martin RM, et al. Latest 
results from the UK trials evaluating prostate 
cancer screening and treatment: the CAP and 
ProtecT studies. Eur J Cancer 2010;46(17): 
3095-101. 

Iremashvili V, Soloway MS, Pelaez L, et al. Compar- 
ative validation of nomograms predicting clinically 
insignificant prostate cancer. Urology 2013;81(6): 
1202-8. 

Nguyen CT, Kattan MW. Formalized prediction of 
clinically significant prostate cancer: is it possible? 
Asian J Androl 2012;14(3):349-54. 

Zhu X, Albertsen PC, Andriole GL, et al. Risk- 
based prostate cancer screening [review]. Eur 
Urol 2012;61(4):652-61. 

Kim SP, Karnes RJ, Nguyen PL, et al. Clinical im- 
plementation of quality of life instruments and pre- 
diction tools for localized prostate cancer: results 
from a national survey of radiation oncologists 
and urologists. J Urol 2013;189(6):2092-8. 

Kranse R, Roobol M, Schroder FH. A graphical de- 
vice to represent the outcomes of a logistic regres- 
sion analysis. Prostate 2008;68:1674-80. 

Roobol MJ, Steyerberg EW, Kranse R, et al. A risk- 
based strategy improves prostate-specific antigen- 
driven detection of prostate cancer. Eur Urol 2010; 
57:79-85. 

van Vugt HA, Roobol MJ, Busstra M, et al. Compli- 
ance with biopsy recommendations of a prostate 
cancer risk calculator. BJU Int 2012;109(10): 
1480-8. 

van Vugt HA, Kranse R, Steyerberg EW, et al. Pro- 
spective validation of a risk calculator which calcu- 
lates the probability of a positive prostate biopsy in 
a contemporary clinical cohort. Eur J Cancer 2012; 
48(12):1809-15. 

Oberaigner W, Siebert U, Horninger W, et al. 
Prostate-specific antigen testing in Tyrol, Austria: 
prostate cancer mortality reduction was supported 
by an update with mortality data up to 2008. Int J 
Public Health 2012;57(1):57-62. 

Williams S, Chiong E, Lojanapiwat B, et al. Manage- 
ment of prostate cancer in Asia: resource-stratified 
guidelines from the Asian Oncology Summit 2013. 
Lancet Oncol 2013; 14:e524-34. 


52 


53. 


54. 


Gao HE, Li YL, Wu S, et al. Mass screening of pros- 
tate cancer in a Chinese population: the relation- 
ship between pathological features of prostate 
cancer and serum prostate specific antigen. Asian 
J Androl 2005;7(2):159-63. 

Ito K, Raaijmakers R, Roobol M, et al. Prostate 
carcinoma detection and increased prostate- 
specific antigen levels after 4 years in Dutch 
and Japanese males who had no evidence of 
disease at initial screening. Cancer 2005;103(2): 
242-50. 

Ito K, Yamamoto T, Ohi M, et al. Cumulative proba- 
bility of PSA increase above 4.0 ng/ml in population 
based screening for prostate cancer. Int J Cancer 
2004; 109:455-60. 


International Perspectives on Screening 


55. 


56. 


OF: 


Kobori Y, Kitagawa Y, Mizokami A, et al. Free-to- 
total prostate-specific antigen (PSA) ratio contributes 
to an increased rate of prostate cancer detection in a 
Japanese population screened using a PSA level of 
2.1-10.0 ng/ml as a criterion. Int J Clin Oncol 2008; 
13:229-32. 

Bul M, van Leeuwen PJ, Zhu X, et al. Prostate 
cancer incidence and disease-specific survival of 
men with initial prostate-specific antigen less than 
3.0 ng/ml who are participating in ERSPC Rotter- 
dam. Eur Urol 2011;59:498-505. 

Thompson IM, Pauler DK, Goodman PJ, et al. Prev- 
alence of prostate cancer among men with a pros- 
tate specific antigen level <4.0 ng per ml. N Engl J 
Med 2004;350:2239--46. 


247 


The Politics of Prostate 


Screening 


Samuel D. Kaffenberger, MD°, 
David F. Penson, MD, MPH?*“* 


KEYWORDS 


Cancer 


e Prostate cancer e Localized ¢ Screening ¢ Prostate-specific antigen 


e United States Preventive Services Task Force 


KEY POINTS 


e There is a perception among policymakers that effective screening programs that identify patients 


at high risk for a disease or diagnose a condition earlier in its disease course may result in reduced 
health care costs. 

Much disagreement exists among government agencies, payers, and policymakers concerning 
whether prostate cancer screening using the prostate-specific antigen test should be a component 
of routine preventive health care maintenance for American men. 

In the case of the United States Preventive Services Task Force (USPSTF), one can argue that pol- 
itics plays a role in the development of guidelines, and that this has influenced their recommenda- 
tion concerning prostate cancer screening. 

Efforts are currently under way to improve the efficiency and transparency of the USPSTF in the 
form of the USPSTF Transparency and Accountability Act of 2013. 

It is of particular importance that urologists have a voice in the creation of health policy for condi- 


tions that we directly diagnose and treat. 


Preventive screenings are recognized as an impor- 
tant part of routine health care maintenance and 
are routinely promoted by governmental agencies, 
such as the Centers for Disease Control and Pre- 
vention, the Agency for Healthcare Research and 
Quality (AHRQ), and the National Institutes of 
Health. There is a general perception among poli- 
cymakers that effective screening programs that 
identify patients at high risk for a disease or diag- 
nose a condition earlier in its disease course may 
result in reduced health care costs down the line. 
In the case of cancer, while primary prevention 
through behavior modification or other interven- 
tions is most desirable, it is often not feasible 
and, as such, the goal of most cancer screening 


Source of funding: None. 


interventions tends to be secondary prevention, 
identifying the malignancy earlier in the disease 
course and rapidly initiating effective therapies 
that affect outcomes. The last clause of this sen- 
tence is critical, as a screening program that iden- 
tifies a disease at an earlier stage but does not 
ultimately reduce morbidity and/or mortality would 
be considered ineffective and a waste of limited 
health care resources. An example of an effective 
cancer screening intervention that has been widely 
endorsed by payers, government agencies, and 
policymakers is the regular use of the Papanico- 
laou (Pap) test to screen for cervical cancer. 
Because there is solid evidence that the Pap test 
identifies cervical cancer at an earlier stage and 
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also that morbidity and mortality from the disease 
are reduced as a result of testing, | there is no con- 
troversy surrounding the use of or payment for this 
test in cervical cancer screening. 

Inherent in any discussion concerning screening 
policies is a natural tension that develops between 
making population-wide recommendations con- 
cerning a health care intervention and advising in- 
dividual patients in the setting of clinical decision 
making. As urologists, we are trained to view and 
treat each patient individually, and to consider 
unique preferences concerning outcomes when 
counseling patients regarding clinical decisions. 
By contrast, however, policymakers consider 
health care interventions at the level of the po- 
pulation, balancing the harms and benefits of 
a screening program in the aggregate. This 
approach can result in a population-level recom- 
mendation that may be in conflict with an individ- 
ual patient’s preferences and desires. This 
conflict holds particularly true in a situation where 
a screening intervention is shown to have a posi- 
tive effect on disease-related morbidity and/or 
mortality, but is also associated with a set of harms 
that may outweigh the benefits of early detection. 
Such is the case in prostate cancer screening, 
where there is evidence that screening clearly al- 
lows us to detect the disease at an earlier stage 
and reduces mortality,” but where there exists 
great controversy regarding whether the morbidity 
and mortality benefits of screening outweigh the 
harms. In turn this has resulted in disagreement 
between government agencies, payers, and poli- 
cymakers concerning whether prostate cancer 
screening, using the prostate-specific antigen 
(PSA) test, should be a component of routine pre- 
ventive health care maintenance for American 
men. 

The various organizations that generate guide- 
lines regarding PSA screening have major differ- 
ences in perspective (population vs individual) 
that are reflected in their approach to developing 
these guidelines. For example, organizations 
such as the National Comprehensive Cancer 
Network and the European Association of Urology 
use a consensus process for setting guidelines,°* 
based primarily on expert opinion and interpreta- 
tion of the available literature. This approach is 
consistent with the fact that these organizations 
consist primarily of providers and the goal of their 
guidelines is to provide insight into the treatment of 
individual patients. By contrast, organizations 
such as the United States Preventive Services 
Taskforce (USPSTF), the American Urological As- 
sociation, and the American Cancer Society use 
a different, evidence-based approach to the 
development of guidelines. In the particular 


case of the USPSTF, however, one can argue 
that politics plays a role in the development of 
guidelines and that this influenced their recom- 
mendation concerning prostate cancer screening. 
This article discusses the history of the USPSTF 
and how it arrived at its recommendation, and sug- 
gests future advocacy efforts that will result in a 
more inclusive guidelines process. 


THE HISTORY AND MISSION OF THE USPSTF 


Originally formed in 1984, the USPSTF is a 
government-appointed panel of 16 volunteer 
members, each serving a 4-year term.° Members 
of the panel are appointed by the director of 
the AHRQ (1 of 12 agencies under the auspices 
of the US Department of Health and Human 
Services) with the guidance of the Chair and 
Vice-Chair of the Task Force. Although the task 
force is funded by AHRQ, it operates quasi- 
independently of this agency, in that it receives 
funding and administrative support from AHRQ, 
but the agency has no further oversight in the 
decision-making process. The task force mem- 
bers are gathered from the fields of primary 
care and preventive medicine, including family 
medicine, internal medicine, pediatrics, obstet- 
rics and gynecology, behavioral health, and 
nursing. Noteworthy is that no specialty fields 
are represented on the panel. 

The stated mission of the USPSTF is “to eval- 
uate the benefits of individual services based on 
age, gender, and risk factors for disease; make 
recommendations about which preventive ser- 
vices should be incorporated routinely into pri- 
mary medical care and for which populations; 
and identify a research agenda for clinical pre- 
ventive care.”° It is worth noting that the USPSTF 
is specifically prohibited from assessing the 
cost-effectiveness of the preventive services it 
evaluates. The services or topics that are evalu- 
ated are chosen by the USPSTF from public nom- 
inations (available at http:/\www.uspreventive 
servicestaskforce.org/tftopicnon.htm) at 1 of 3 
annual USPSTF meetings. The public can nomi- 
nate a new topic for consideration or suggest 
reconsideration of a previously evaluated topic 
because of availability of new evidence, presence 
of novel screening tests supported by evidence, 
or changes in the public health status of a condi- 
tion. Recommendations by the USPSTF are re- 
viewed every 5 years if no instigating factor has 
caused them to be assessed at an earlier time 
point. 

When USPSTF makes a recommendation 
regarding a clinical preventive service, it begins 
establishing key research questions and 


commissioning a comprehensive systematic re- 
view of the literature around the topic. Although 
the task force weighs randomized clinical trials 
(level | evidence) most heavily, it does sometimes 
consider lower levels of evidence, such as obser- 
vational studies or modeling studies. This area is 
one of those where politics can be injected into 
the task force recommendation through the inclu- 
sion or exclusion of certain types of studies based 
on the level of evidence. Once the systematic re- 
view of the literature is completed, the task force 
then meets in private, and usually does not consult 
disease-content experts to assist in its delibera- 
tions. The panel arrives at a draft recommendation 
that is then released for public comment. After the 
public comment period, the task force then re- 
views the comments and responds as it feels 
appropriate. It is not, however, obligated to 
respond to all comments. It then releases a final 
recommendation. 

As shown in Table 1, the USPSTF assigns a let- 
ter grade from A to D to its recommendation 
regarding the particular service. Services graded 
an A or B are generally recommended, as there 
is at least a moderate certainty of net benefit. Ser- 
vices graded C are recommended to be selectively 
offered based on patient preference and/or pro- 
fessional judgment, owing to the likelihood of a 
small net benefit. Services graded D are not rec- 
ommended because of a lack of net benefit, or 
because the benefits are outweighed by the 
harms. All services for which there is insufficient 
evidence to adequately evaluate the benefits or 
harms are graded an l. 

The political ramifications of the USPSTF rec- 
ommendations cannot be understated. Beyond 
the influence of the recommendations on individ- 
ual patients and practitioners to commence or 
terminate a preventive service, the Patient Protec- 
tion and Affordable Care Act (PPACA), as written, 
mandates full coverage with no copayment by 
Medicare for those preventive services that 
receive an A-grade or B-grade recommendation. 
Conversely, if a service is graded a C, D, or |, Medi- 
care does not necessarily have to cover the ser- 
vice and, if it does, beneficiaries are expected to 
make a copayment. Obviously this has a signifi- 
cant impact on access to care, and may result in 
patients who might garner a benefit from a preven- 
tive service not receiving it. 


THE USPSTF AND PROSTATE CANCER 
SCREENING 


In May 2012, USPSTF concluded that the harms of 
PSA screening outweighed the potential benefits, 
and gave PSA screening for early detection of 
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Table 1 
USPSTF grades for recommendations regarding 
clinical preventive services 


Grade Definition 


A The USPSTF recommends the 
service. There is high 
certainty that the net 
benefit is substantial 


The USPSTF recommends the 
service. There is high 
certainty that the net 
benefit is moderate, or 
there is moderate certainty 
that the net benefit is 
moderate to substantial 

The USPSTF recommends 
selectively offering or 
providing this service to 
individual patients based on 


professional judgment and 
patient preferences. There is 
at least moderate certainty 
that the net benefit is small 


The USPSTF recommends 
against the service. There is 
moderate or high certainty 
that the service has no net 
benefit or that the harms 


outweigh the benefits 

| Statement The USPSTF concludes that the 
current evidence is 
insufficient to assess the 
balance of benefits and 
harms of the service. 
Evidence is lacking, of poor 
quality, or conflicting, and 
the balance of benefits and 
harms cannot be 
determined 


prostate cancer a grade D recommendation.*:”® 


This recommendation was based primarily on 2 
randomized clinical trials: the Prostate, Lung, 
Colorectal, and Ovarian (PLCO) cancer screening 
trial from the United States, and the European 
Randomized Study of Screening for Prostate Can- 
cer (ERSPC).** Although a discussion of the 
strengths and weaknesses of each of these 
studies is beyond the scope of this article, it bears 
mentioning that the task force: (1) did not consider 
modeling studies that document a greater benefit 
for screening than was seen in either of the clinical 
trials°; (2) likely overestimated the mortality and 
other harms associated with treatment through 
the use of older studies'®; and (3) did not 
adequately weigh the results of the strongly posi- 
tive Göteborg trial’! in its deliberations. 
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The larger question is: why did the Task Force 
handle the evidence in this manner? It is the 
authors’ opinion that, before even starting the 
literature review, the Task Force had decided 
that it was going to recommend against prostate 
cancer screening. Prostate cancer care repre- 
sents a significant economic burden to Medi- 
care.'* In addition, already overworked primary 
care providers really do not have the time to 
adequately counsel patients regarding the bene- 
fits and harms of prostate cancer screening. To 
this end, it would be easier and politically expedi- 
tious for the Task Force to recommend against 
prostate cancer screening as opposed to keeping 
an | recommendation or giving it a C recommen- 
dation (which would require primary care pro- 
viders to spend significant amounts of time 
counseling men regarding PSA testing). When 
one considers the USPSTF’s prior actions around 
prostate cancer screening, this argument seems 
to be even more valid. 

Before publication of the ERSPC and PLCO trial 
mortality results in 2009, there was little high- 
quality, randomized controlled trial data with 
which to inform USPSTF recommenda- 
tions.2°:'*'5 That being said, the USPSTF still ad- 
dressed the issue for the first time in 2002. The 
2002 USPSTF report on PSA screening allowed 
data not only from randomized controlled trials 
but also from case-control studies and observa- 
tional studies. Because study results were equiv- 
ocal and contradictory, the Task Force 
concluded that there was insufficient evidence to 
provide a recommendation (grade 1).'°:'°'9 

In the 2008 report, the Task Force restricted the 
evidence used to inform their recommendation 
with regard to assessing whether a morbidity or 
mortality benefit existed from PSA screening.7°7' 
This action would have been reasonable if there 
had been impactful new level | evidence on 
screening to inform the discussion, but at that 
time there were no new completed trials. Rather, 
the Task Force extrapolated early results from the 
Scandinavian Prostate Cancer Group Study 4 
(SPCG-4), a trial comparing radical prostatectomy 
with watchful waiting, to recommend against 
screening for men older than 75 years (grade D).?? 
Interestingly the Task Force did allow the use of 
cross-sectional and observational studies to inform 
the key question assessing the harms of PSA 
screening (other than overtreatment) in the 2008 
report. The presumed reasoning behind the inclu- 
sion of these lower levels of evidence was that there 
were no clinical trials available, and none planned to 
explore this issue. Still, the authors contend that 
one could have made the same argument for the 
key question regarding the benefits of screening. 


Because there were few such randomized 
controlled trials available at that time for men 
younger than 75, a grade | was again assigned. '*:'° 
The USPSTF acknowledged that they were waiting 
for the results of ERSPC and PLCO and, in the 
authors’ opinion, implied in their report that unless 
these trials were strongly positive, the Task Force 
would issue a D recommendation after their 
release. 

When the results from the ERSPC and PLCO 
trials were published in 2009, the USPSTF immedi- 
ately began a new evidence review, which was 
published in 2011 ahead of the new USPSTF rec- 
ommendations for PSA screening in 2012.7° This 
maneuver was an unusual one that likely resulted 
from the backlash the USPSTF had recently 
received after publication of the clinical recom- 
mendations for screening mammography for early 
detection of breast cancer.** It is worth consid- 
ering the USPSTF decision on prostate cancer 
screening in the context of the public response 
to the USPSTF decision on mammography and 
the political backlash that occurred as a conse- 
quence. Simply put, if the USPSTF had released 
its recommendation on prostate cancer screening 
concurrently with its recommendation on 
mammography (which likely was its original plan, 
given the publication date of the evidence review), 
it is entirely possible that there would have been 
congressional action to defund the USPSTF and, 
possibly, its parent agency AHRQ. 


THE USPSTF AND BREAST CANCER 
SCREENING 


In November 2009, the USPSTF released a recom- 
mendation statement on screening for breast can- 
cer. Differing from common practice at that time, 
routine mammography for women aged 40 to 
49 years was not recommended and was given a 
grade D recommendation, despite the confirma- 
tion of a mortality benefit in the USPSTF evidence 
review of screening mammography in this age 
group. Biennial screening mammography was rec- 
ommended for women aged 50 to 74 years (grade 
B). The rationale for this was presumably attribut- 
able to the decreased magnitude of effectiveness 
of mammography screening in the younger age 
group (number needed to invite for screening 
mammography to extend one patient’s life: 1904 
patients for those aged 40-49 and 1339 patients 
for those aged 50-59).7* It is interesting to 
consider how the USPSTF arrived at these esti- 
mates. The Task Force used simulation models 
that were developed by researchers from the CIS- 
NET breast cancer group.*° The models assessed 
the cost-effectiveness of screening for breast 


cancer, which is surprising given that the USPSTF 
specifically states on their Web site that they do 
not consider economic costs in their decision- 
making process.”° Critics of the USPSTF recom- 
mendation on breast cancer screening even 
contend that the Task Force did not accurately es- 
timate the number needed to invite when they 
made their final recommendation.”° 

Although it is unclear whether this is definitively 
the case, there is certainly some merit to the claim 
and it begs several questions. First, why is the 
USPSTF using cost-effectiveness models when it 
explicitly states it is not going to consider cost; 
second, are their estimates of effect accurate; 
and third, why are they even using models in 
the first place if they state that they only will allow 
level | evidence to document a benefit? Their own 
meta-analysis of the trials for mammography in 
women aged 40 to 49 documents that there is a 
benefit, so it seems that additional modeling would 
only be needed if the results of the meta-analysis 
did not fit with the Task Force’s political agenda. 
Of note, there are similar models for prostate can- 
cer screening that document a benefit,’ but in the 
case of PSA screening the USPSTF established a 
different set of rules for reasons unclear. 

Regardless, the outcry from professional orga- 
nizations, patient advocacy groups, the media, 
and the public at large to the mammography de- 
cision was strident and defiant. Elected officials 
were pushed into action and indeed, Secretary 
Sebelius of the Department of Health and Human 
Services advised that screening mammography 
continue to start at age 40 years. Within a month, 
the USPSTF altered the language of the recom- 
mendation for women aged 40 to 49 to reflect 
the individual nature of the decision to undergo 
screening mammography without recommending 
against screening (but maintained a grade D 
recommendation). 

Unfortunately, there was no similar public 
outcry with the release of the prostate cancer rec- 
ommendations. Although the American Urological 
Association (AUA) expressed “outrage” at the de- 
cision, this carried little weight, presumably 
because, as specialists who may stand to gain 
professionally and financially from prostate cancer 
screening, we are viewed as irreversibly biased. 
Had there been a strong response from the patient 
advocacy community and the media, however, 
things might have been different, as these stake- 
holders have considerably more political clout. 
Unfortunately, although there was pushback 
from the patient advocacy groups it was some- 
what muted compared with the response to the 
mammography decision, and ultimately it had little 
effect. 


Politics of Prostate Cancer Screening 


POLITICAL NEXT STEPS IN THE PROSTATE 
CANCER SCREENING DEBATE 


The discussion around prostate cancer screening 
is far from over. Since the release of the USPSTF 
recommendation, numerous other organizations 
have issued guidelines on the topic. The American 
College of Physicians,2° The European Associa- 
tion of Urology,” the National Comprehensive 
Cancer Center Coalition,°° and the AUA?! have 
all issued guidelines that endorse informed deci- 
sion making around prostate cancer screening, in 
direct contrast to the USPSTF recommendation. 
The new AUA guidelines, in particular, have impor- 
tant political ramifications in the debate. Specif- 
ically, the guidelines do not recommend routine 
PSA screening in men at average risk for prostate 
cancer ages 40 to 55 years, which is a change 
from the 2009 AUA best practice panel statement. 
This updated statement, which does not specif- 
ically recommend against prostate cancer 
screening but is evidence based and acknowl- 
edges that the clinical trials do not support 
population-wide screening in this setting, helps re- 
establish urology’s credibility in the debate. Simi- 
larly, the guidelines do not recommend screening 
in men older than 70, which is in line with the evi- 
dence and with other organizations’ recommenda- 
tions. Importantly the guidelines specifically 
discourage mass screening events, such as 
testing at health fairs, where shared decision mak- 
ing is unlikely to occur. 

A second key political initiative is to encourage 
the USPSTF to review its decision using existing 
mechanisms. The USPSTF reviews its recommen- 
dations at regular intervals, when new evidence 
becomes available and when there are enough 
public stakeholder requests. Interested parties 
are encouraged to go to the USPSTF Web site 
(available at: http://www.uspreventiveservices 
taskforce.org/tftopicnon.htm) and submit an elec- 
tronic request to review the recommendation on 
prostate cancer screening. 

Finally, efforts are currently under way to 
improve the efficiency and transparency of the 
USPSTF in the form of the USPSTF Transparency 
and Accountability Act of 2013 (HR 2148, https:// 
www.govtrack.us/congress/bills/113/hr2143), intro- 
duced by Marsha Blackburn (R-Tn), which has 
bipartisan support. This bill also includes provi- 
sions for decreasing the USPSTF impact in the 
PPACA and for increased inclusion of specialists, 
and also is endorsed by the AUA. The Act is a 
key priority on the AUA’s legislative agenda, and 
is having an effect. Specifically, the USPSTF and 
AHRQ have already volunteered to incorporate 
some of the recommendations in the bill into the 
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process, potentially obviating the legislation. While 
the changes that have been made are promising 
they are by no means adequate, and there is still 
a need for this legislation. 


SUMMARY 


It is of particular importance that urologists have a 
voice in the creation of health policy for conditions 
that we directly diagnose and treat. Although there 
is no danger yet for denial of coverage of PSA 
screening by Medicare, it will be important to 
urge the USPSTF to review their recommendation 
against PSA screening for men of all ages so that 
well-informed patients who might potentially 
benefit from the early detection of prostate cancer 
by PSA screening can continue to do so. Urolo- 
gists must become more politically active on this 
issue in an effort to advance the health of their pa- 
tients and reduce the public health burden of pros- 
tate cancer in the United States. 
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KEY POINTS 


Prostate cancer screening is a significant decision for men because of the concerns about survival 
with prostate cancer and the downstream impacts of biopsy and treatment that may impact many 
years of a man’s life. 

Prostate cancer screening is widely regarded as a preference-sensitive decision for men where the 
importance that a man places on the benefits and harms of screening and treatment is seen as cen- 
tral to choice of screening. 

Prostate cancer screening decisions are complex and challenging for men because of affective and 
cognitive factors, such as anxiety about cancer and the tendency to rely on personal experience 
and anecdotes about screening over scientific evidence. 

Guideline recommendations for prostate cancer screening emphasize a shared decision-making 
approach that involves collaboration between a man and his health professionals. 

Patient decision aids have been designed for prostate cancer screening with the aim of improving 
decision quality, increasing the alignment between a man’s values, goals, and preferences with the 


ultimate choice, and reducing necessary practice variation. 


Prostate cancer screening decisions are important 
to men and their families, involving significant con- 
sequences that will potentially influence many 
years of a man’s life. Currently, screening for pros- 
tate cancer is surrounded by more controversy 
than many other health decisions. Although pros- 
tate cancer screening using prostate-specific anti- 
gen (PSA) testing has been used since the 1980s 
for early detection of prostate cancer with associ- 
ated declines in prostate cancer mortality, concern 
about harms of PSA screening has been raised, 
including the potential for false-positive results 
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leading to unnecessary biopsies and the risk of 
pain and infection. There is also the potential for 
overtreatment of indolent prostate cancer that 
would be unlikely to progress during a man’s life- 
time. The adverse consequences of surgical and 
radiation treatment for prostate cancer have 
been well documented, including pain, inconti- 
nence, sexual dysfunction, and bowel problems. 
The benefit from prostate cancer screening has 
been questioned, particularly for men older than 
74, especially in those who have comorbidities 
and life expectancy is less than 10 years.'~° 
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Despite two large randomized trials and several 
meta-analyses on the early detection of prostate 
cancer a lack of clarity remains for many men.*” 
Based on this evidence, the US Preventive Services 
Task Force (USPSTF) does not recommend routine 
prostate cancer screening using PSA testing in men 
of any age.° However, criticism of how the USPSTF 
has interpreted the evidence has been raised.° 
Other professional and scientific organizations 
have developed alternate guidelines.'°-'* Recog- 
nizing the importance of the decision to men and 
questions about the value of screening has led pro- 
fessional and scientific societies to recommend 
that decisions about prostate cancer screening us- 
ing PSA testing be based on informed decision 
making with consideration of the potential benefits 
and harms and the alternatives to screening. 

This article considers decisions about prostate 
cancer screening, highlighting the challenges that 
these choices present for men, their families, and 
their health care professionals, including complex 
emotions and cognitive factors, and conflicting 
guideline recommendations. Shared decision 
making is considered as an approach to helping 
men make these choices, and resources, such 
as patient decision aids, are discussed. 


WHY ARE PROSTATE CANCER SCREENING 
DECISIONS SO CHALLENGING? 


Aside from the confusion created by conflicting 
guideline recommendations, prostate cancer 
screening decisions are emotionally and cogni- 
tively complicated. False-positive prostate cancer 
screening results have been associated with 
persistent psychological distress, even with a 
negative biopsy. '° High anxiety in men with a fam- 
ily history of prostate cancer has been associated 
with increased use of prostate cancer screening, '° 
and among men who had visited doctors 
frequently, anxiety was associated with increased 
PSA testing.” 

In addition to affect, Arkes and Gaissmaier'® 
point to several cognitive factors that further 
complicate prostate cancer screening decisions. 
For example, anecdotal evidence and personal 
experience can be persuasive even in light of 
contradictory data. Even when data are available, 
the interpretation may be challenging due to ten- 
dencies to disregard contextual information such 
as base rates. 


WHAT DO PROSTATE CANCER SCREENING 
GUIDELINES SAY ABOUT DECISION MAKING? 


In many difficult health care choices, guidelines 
offer patients and health professionals clear 


pathways for care that are based on evidence, 
consensus of experts, or best practices. Guide- 
lines have recommended PSA screening as a 
population-based approach for the early detection 
of prostate cancer with the goal of reducing mor- 
tality from prostate cancer, and observational 
studies have shown a decrease in mortality start- 
ing in the 1990s when PSA testing was widely 
used.'? During the past decade, guidelines for 
prostate cancer screening have been revised to 
reflect evidence that PSA testing for prostate can- 
cer is associated with significant harms related to 
overtesting and overtreatment of low-risk disease. 

Current guidelines have been developed and 
disseminated by federal agencies, foundations, 
and professional and scientific societies, and there 
are considerable differences among guideline 
developers in the interpretation of the evidence 
and its implications for policy and clinical prac- 
tice.®10-14 Table 1 summarizes 6 of the current 
guidelines for screening or early detection of pros- 
tate cancer. None of these guidelines recommends 
universal screening for prostate cancer using PSA 
or any other available method. The USPSTF pre- 
sents the most limited use of screening, discour- 
aging PSA screening for men of any age and 
suggests that informed decision making be used 
only when men request a PSA test.° In contrast, 
the American Cancer Society (ACS) recommends 
that average-risk men be screened for prostate 
cancer using PSA testing starting at age 50 if the 
man is informed about the alternatives to testing, 
the potential benefits, and the risk of harms. The 
ACS guideline encourages testing at younger 
ages for men at higher than average risk, including 
African American men, for whom the ACS re- 
commends screening starting at age 45, and 
those with a family history of prostate cancer for 
whom the ACS recommends screening starting at 
age 40. The ACS guideline endorses informing 
men about the benefits and harms of early detec- 
tion and treatment and considering a man’s values, 
goals, and preferences about using PSA testing for 
early detection. 4 

Many contemporary guidelines encourage a 
shared decision-making approach to prostate 
cancer screening. Shared decision making typi- 
cally involves communication between patient 
and health professional, where information is 
shared about the options in the choice (eg, to 
screen or not) and the expected outcomes of 
each option (eg, survival, side effects with treat- 
ment, anxiety, late detection of prostate cancer), 
including the scientific uncertainty surrounding 
the expected benefits and harms.*°?? Down- 
stream consequences of the choice alternatives 
also may be described in shared decision making, 
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such as the risk of having repeated biopsies and 
the potential for diagnosis of low-risk prostate 
cancer that is unlikely to contribute to mortality, 
but that is frequently treated once found.®?S In 
addition to information, shared decision making 
also involves the man and his health professional 
coming to an understanding of the man’s values, 
goals, and preferences relevant to the options 
and where the trade-offs between the benefits 
and harms are considered from the patient’s 
perspective. 1:2224 

Although many guidelines are specific about 
using shared decision making, others emphasize 
an informed decision-making approach in which 
the emphasis is placed on providing information 
and less on understanding the patient’s values, 
goals, and preferences relevant to the choice.*° 
All of the guidelines shown in Table 1 suggest 
the use of either shared or informed decision 
making, but they differ in when and how informed 
or shared decision making should be imple- 
mented. The USPSTF recommendations stand 
out as focusing primarily on providing information 
to those men who request screening an 
approach that would engage only a highly select 
group of men in an informed decision making 
process. The USPSTF recommendations do not 
include explicit consideration of a man’s values, 
goals, and preferences relevant to screening.® 
Other guidelines favor some degree of shared 
decision making. For example, the American Col- 
lege of Preventive Medicine recommends no 
routine screening at any age, but suggests 
that all men be informed about the potential risks 
and benefits of prostate cancer screening 
and that the man’s preferences be considered 
in the final choice.'*? The ACS, American Col- 
lege of Physicians, American Society of Clinical 
Oncology (ASCO), and American Urology As- 
sociation (AUA) recommend that men be in- 
formed about the risks and benefits of 
screening.!™!111314 ASCO and the AUA guide- 
lines explicitly recommend a shared decision- 
making approach in which the information 
exchange occurs in the context of a discussion 
between a man and his health professionals. '°"" 

Screening for prostate cancer has been con- 
sidered to be a preference-sensitive decision in 
which several reasonable choice alternatives 
are available (eg, screening vs no screening) that 
differ in terms of their characteristics and outcomes 
(eg, potential benefits and harms) (Box 1).2%° How 
a man values the potential benefits and harms is 
considered to be central to a preference-sensitive 
decision when there is clearly more than one effec- 
tive option available. O’Connor and colleagues@* 
have differentiated between “preference-sensitive 


decisions” when there is no difference in effective- 
ness between several options and “effective deci- 
sions” when evidence is available to support the 
effectiveness of one option. In “effective deci- 
sions,” the goal is uptake of the effective option, 
or in the case of prostate cancer screening, the 
goal would be implementation of smarter screening 
based on prostate cancer risk characteristics. 

Many of the guidelines in Table 1 emphasize 
consideration of a man’s preferences for 
screening. The ACS guidelines discuss prefer- 
ences explicitly and recommend that screening 
be offered if consistent with a man’s prefer- 
ences.'* ASCO guidelines consider preferences 
implicitly recommending an individualized ap- 
proach to PSA testing based on a discussion of 
the potential harms and benefits of potentially un- 
necessary tests and treatments. '° The AUA guide- 
lines place an emphasis on preferences referring 
to a man’s values, goals, and preferences for 
screening as a central consideration in PSA 
testing." 


IMPLEMENTATION OF SCREENING 
GUIDELINES 


The public response to the revised guidelines 
suggests that many men do not embrace recom- 
mendations to limit PSA testing and screening 
for prostate cancer. Most of these surveys of the 
implementation prostate cancer screening guide- 
lines have focused on the USPSTF recommenda- 
tions. For example, Caire and colleagues?” found 
that most of those men seen in a screening clinic 
disagreed with the earlier USPSTF recommenda- 
tions to discontinue screening at age 75. More 
recently, a survey of a national online panel found 
that 62% agreed with USPSTF recommendations 
against prostate cancer screening with PSA, but 
only 13% intended to follow the guidelines and 
forego PSA testing.2° Those who were more 
worried about prostate cancer and older men 
were more likely to disagree with the USPSTF 
guidelines and those of African American race 
and those with higher incomes, with greater worry 
about prostate cancer, and with prior use of PSA 
testing were more likely to have PSA testing.”° 
The 2010 National Health Interview Survey results 
are consistent with limited use of PSA testing for 
prostate cancer with almost one-half (44.2%) re- 
porting that they have not had prior PSA testing 
to screen for prostate cancer.*° 

Adoption of the USPSTF recommendations 
among primary care providers has been modest. 
PSA screening practices decreased slightly 
following the introduction of the USPSTF recom- 
mendations against screening men older than 74 
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Table 1 
Prostate cancer screening guidelines and recommendations 


Recommendation 


Screening or Early 


Detection for Average-Risk Decision 


Patient 
Preferences 


Informed 


Author Year Population Men Making? Considered? 
ACS 2013 e Start PSA testing at 50y Recommends PSA for early Yes Yes 


ACP 2013 e 


ACPM 


ASCO 


for all 

e Start PSA testing at 45 y 
for African Americans 

e Start PSA testing at 40 y 
for men with first-degree 
relatives diagnosed with 
prostate cancer 


if the man’s preferences 

are not to screen 

Start screening between 

age 50 and 69 if 

o Life expectancy of at 
least 10 y 
Information has been 
provided on the 
limited potential for 
benefits and substan- 
tial risk of harm asso- 
ciated with prostate 
cancer screening 
Consistent with 
preferences 


2008 e No general screening in 


any men with either dig- 
ital rectal examination or 
with PSA 

Those at high risk, 
including African Ameri- 
cans and men with a 
family history of prostate 
cancer may benefit from 
screening 


2012 e No general screening in 


men with life expectancy 
of 10 y or less 

Screening in men with 
life expectancy of more 
than 10 y after discussion 
of potential benefits and 
harms 


detection starting at age 
50 for average-risk men if 
patient is informed and if 


consistent with 
preferences 


of average-risk men 
younger than 50, older 
than 69, or those with a 
life expectancy of less 
than 10-15 y 

Clinicians consider the 
following in their 
recommendations for 
screening: risk for 
prostate cancer, 


discussion of the benefits 


and harms of screening, 
consideration of the 


man’s general health and 
comorbid conditions, life 


expectancy, and 
preferences 


No screening for any age Recommends no screening Yes 


Recommends no screening Yes 


at any age and that men 


should be given 
information about the 
potential benefits and 
harms of screening and 
the limits of current 
evidence 


Recommends 
individualized screening 
based life expectancy 
and after discussion of 
benefits and harms, 
including complications 
from unnecessary 
diagnostic tests or 
treatments 


Yes, using lay Not discussed 
language explicitly 


(continued on next page) 


Administration declined slightly, and additional 
small declines in PSA testing of 3.0% and 2.7% 
among those 40 to 54 years of age and 55 to 
74 years of age, respectively, were observed 


and those with life expectancy fewer than 10 to 
15 years. Following the USPSTF recommenda- 
tions in 2008, PSA testing in men older than 
75 years cared for in the Veterans Health 
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Table 1 
(continued) 


Screening or Early 


Detection for Average-Risk Decision 
Making? 


Author Year Population Men 


AUA 2013 e No screening age 54 or 

younger 

e Shared decision making 
and screening only when 
based on men’s values 
and goals for age 55-69 y 

e No screening for age 70 
or older, or life expec- 


Recommends shared Yes 
decision making for early 
detection based on 
men’s values and goals 
between 55 and 69 y; no 
screening if life 
expectancy is less than 
10 y for any age older 


Recommendation 


Patient 
Preferences 
Considered? 


Informed 


Yes, values and 
preferences 
are a central 
consideration 


tancy less than 10 y than 54 


USPSTF 2011 e No screening at any age Does not recommend 
screening for prostate 
cancer using PSA testing 


for all men 


Yes, if aman Not discussed 
requests explicitly 
screening 


for any age or 
population; 
recommends providing 
information about the 
screening alternatives, 
potential benefits, and 
risk of harms, if a man 
requests screening 


Abbreviations: ACP, American College of Physicians; ACPM, American College of Preventive Medicine; ACS, American 
Cancer Society; ASCO, American Society of Clinical Oncology; AUA, American Urology Association; PSA, prostate- 


specific antigen; USPSTF, US Preventive Services Task Force. 


following these publications in 2009.22 Among 89 
primary care providers responding to a national 
Internet survey in 2010, 51% and 64% indicated 
that they discuss and order PSA testing for men 
between 50 and 74, respectively. Only 21% and 
28% indicated that their screening practices had 


Box 1 
Preference-sensitive decision characteristics 


e Several choice alternatives in which one is not 
clearly better than the other(s) and each is 
associated with unique characteristics and 
expected outcomes 


Decision-maker’s values and preferences for 
the choice alternative characteristics and 
expected outcomes are considered to be 
important determinants of the choice 


In making the decision, information about the 
alternatives and their characteristics is consid- 
ered; values, goals, and preferences for the 
alternatives are identified and compared; a 
choice is made based on the value of the alter- 
natives to the individual making the choice 


been influenced by the 2009 publications of the 
European Randomized Screening for Prostate 
Cancer and the Prostate, Lung, Colorectal and 
Ovarian trials, respectively.°° Others observed a 
small, but significant, decrease in PSA testing 
(8.6% vs 7.6%) following publication of the 2011 
USPSTF recommendations against screening in 
all men regardless of age or life expectancy.°! 
Although almost half of primary care providers 
(49.2%) in a health care system said that they 
agreed with the 2011 USPSTF recommendations 
against universal screening, many fewer (1.8%) 
said that they would no longer order PSA testing 
for their patients and 37.7% said that they would 
not change their PSA testing practice based on 
the USPSTF guidelines. Providers cited several 
barriers to stopping PSA testing in their patients 
who had previously participated in prostate cancer 
screening, including patient expectations of 
screening, lack of time to discuss changes in rec- 
ommendations, worry about malpractice litigation, 
and discomfort with uncertainty.°? 

In addition to recommending that prostate can- 
cer screening using PSA testing be based on age 
and other clinical risk factors, all guidelines with 
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the exception of those of the USPSTF guidelines 
recommend shared decision making and that the 
choice of screening be based on the man’s prefer- 
ences. The types of shared decision making 
suggested by the guidelines include (1) providing 
information on the alternatives for prostate cancer 
screening, potential benefits and harms, and 
uncertainties associated with the various out- 
comes, and (2) assessing the man’s preferences 
for screening alternatives (eg, PSA testing vs no 
PSA testing) or for the potential outcomes and 
downstream impacts of screening (eg, survival, 
false-positive rate, anxiety associated with pros- 
tate cancer, treatment and its associated impacts 
on urinary and sexual function). 

In contrast to guideline recommendations, 
studies of informed decision making in prostate 
cancer screening has suggested that many men 
receive PSA testing without being fully 
informed.?®33:34 A recent nationally representative 
sample of men between ages 49 and 75 responding 
to the National Health Interview Survey reported 
that most (64.3%) had not had any previous dis- 
cussions with their physicians about PSA screening 
and its benefits and harms and associated uncer- 
tainties, and only 8% of the respondents reported 
discussion of 3 key elements of shared decision 
making (ie, advantages, disadvantages, and scien- 
tific uncertainties). The absence of shared decision 
making was associated with no screening rather 
than with screening.?° 


SHARED DECISION MAKING AND PATIENT 
DECISION AIDS 


Shared decision making is a central principle 
embodied in the Institute of Medicine concept of 
patient-centered care, including decisions about 
screening.°° Patient decision aids are decision 
support technologies that have been developed 
to support shared decision making, to improve 
the quality of the decision, and to reduce variation 
in care and unnecessary tests and treatment 
(Box 2). Most patient decision aids aim to in- 
crease knowledge necessary to make an informed 
decision and to improve the agreement between a 
patient’s values, goals, and preferences and the 
choice.** Distinct from patient education mate- 
rials, patient decision aids aim to provide informa- 
tion that is based on the considerations and 
concerns that patients have in making the deci- 
sion and that is balanced and free from bias.** 
In addition to information, patient decision aids 
include methods to help patients identify what 
is most important to them in considering the 
characteristics of the alternatives, including the 
outcomes. Many decision aids provide value 


Box 2 
Key elements of patient decision aids 


e Balanced information on the condition, the 
decision, the choice alternatives, the charac- 
teristics and outcomes of each alternative, 
and the scientific uncertainty associated 
with the outcomes 


Tools that assist with the identification and 
clarification of values, goals, and preferences 
relevant to the decision, the choice alterna- 
tives, and the outcomes 


Guidance in deliberation that will assist with 
the comparison of the alternatives, weighing 
of the values and goals, and considering the 
trade-offs in values and goals that may be 
needed to make the choice 


Coaching in communication of values and 


goals to family members and_ health 


professionals 


Disclosure of any potential bias or conflict of 
interest in the development and presentation 
of the decision aid 


Systematic development of the patient deci- 
sion aid that includes the following: 


o Input from patients with the condition or 
health concern and health professionals 
and other experts 


o Field testing in clinical and community 
settings 


o Evaluation of the decision aid 


clarification exercises and other tools that support 
deliberation and consideration of the trade-offs in 
values and goals that may be needed in making 
the choice. Finally, some decision aids provide 
coaching or guidance in communication of values, 
goals, and preferences to their family members 
and health professionals.°° 

Decision aid development efforts have focused 
attention on prostate cancer screening choices 
and a number of tools are available currently. 
Seven online decision aids are shown in Table 2 
to illustrate the breadth of format and features. De- 
cision aids are available in print, in electronic me- 
dia, and online. The decision aids provided by 
the ACS, ASCO, and the Centers for Disease Con- 
trol and Prevention are available online in pdf files. 
They are written in plain language and are brief and 
easy to download. Some decision aids that are 
interactive, such as those provided by Healthwise 
and Healthdialog, and can be individualized ac- 
cording to clinical risk factors and values, goals, 
and preferences. Many decision aids include 
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Table 2 


Decision aids for patients prostate cancer screening and early detection 


Development Organization/Host®* 


American Cancer Society 


Decision Aid 


http://www.cancer.org/acs/groups/content/@editorial/ 


documents/document/acspc-024618.pdf 


American Society of Clinical Oncology 


Informed Medical Decisions Foundation/ 
Health Dialogue/Healthcrossroads 


http://stage.asco.org/sites/default/files/psa_pco_decision_ 
aid_71612.pdf 


Centers for Disease Control and Prevention http://www.uspreventiveservicestaskforce.org/ 


prostateca ncerscreening/prostatecancerfact.pdf 


https://www.healthcrossroads.com/example/crossroad. 
aspx?contentGUID=fc326615-5b29-47f1-87c3- 


9a3e2d946919 


Healthwise/Intermountain Healthcare 


http://intermountainhealthcare.org/health-resources/ 


health-topics/healthwise/content/aa38144/prostate- 
cancer-screening-should-i-have-a-psa-test.aspx#zx3721 


Mayo Clinic 


http://www.mayoclinic.com/health/prostate-cancer/ 


HQ01273 


National Cancer Institute 


http://www.cancer.gov/cancertopics/factsheet/ 


Detection/PSA 


a Organization responsible for development of the decision aid/host of online decision aid when different from the 


development organization. 


pictographs depicting risk information graphically, 
as well as numerically and in text. Some decision 
aids include videos of patients who share their 
experiences making prostate cancer screening 
decisions or who talk about how they managed 
the side effects from biopsy or treatment. 

The International Patient Decision Aids Stan- 
dards (IPDAS) Collaboration, a multiple stake- 
holder initiative including scientists, clinicians, 
patients, and representatives from health plans, 
developed a set of standards for the development 
and dissemination of decision support tools for 
patients.°°°” The collaboration used a systematic 
Delphi process and conducted additional studies 
to refine and validate the standards. Members of 
the collaboration have developed a measure to 
evaluate the quality of decision aids. The IPDAS 
instrument (IPDASi) has incorporated 10 domains 
and 47 items. IPDASi domains and example item 
themes are listed in Table 3.3637 The domains 
include (1) the types of information that should 
be included for treatments and tests with an 
emphasis on the balance of information, including 
both positive and negative characteristics of the 
choice alternatives; (2) methods including compar- 
isons of the choice alternatives that will assist in 
the identification and expression of values that 
are relevant to the decision; (3) guidance on how 
to deliberate in a systematic way to facilitate 
weighing the decision alternatives according to 
one’s values; (4) criteria that are critical to the 
process of developing the decision aid, such as 


patient and expert input; and (5) elements that 
are needed to evaluate the tool. 

A recent Cochrane Collaboration review sug- 
gested that decision aids for treatment and 
screening decisions improved patient and health 
professional communication, increased patient 
engagement, and improved knowledge, but had 
a mixed effect on the length of consultation and 
the actual choices. In addition, those decision 
aids that offered tools and methods to explicitly 
elicit and clarify patient values improved choices 
that were consistent with the values.°° A review 
of prostate cancer screening decision aids found 
that, in 18 primary care and community-based 
studies, decision aids increased patient knowl- 
edge and confidence and reduced decision con- 
flict.°° Although the decision aids had no effect 
on screening behavior of those seeking screening 
services, they contributed to a decrease in inter- 
est in PSA testing among those seeking routine 
care.°° Similarly, studies published since this re- 
view have found variable results for choice of 
PSA testing, with some showing higher levels of 
PSA testing’ and others showing lower levels.*! 
These and other decision aids differ widely in 
methods, such as level of information and bal- 
ance in presentation, potentially contributing to 
variation in findings across studies of decision 
aids. 

As interest in patient decision aids has 
expanded, so have efforts to understand and mea- 
sure patient preferences, and innovative work on 
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Table 3 
International Patient Decision Aid Standards instrument domains and example item themes 


Domains Example Item Themes 


Information e Describes the health condition or problem 


e Describes the options available 


e Shows the negative and positive features of options with equal detail 
Probabilities e Provides information about outcome probabilities associated with the 
options 
e Specifies the defined group for the outcome probabilities 
e Allows comparison of the outcome probabilities across the options 


Describes the features of options to help patients imagine what it is like 
to experience the physical effects 

Asks patients to think about which positive and negative features of the 
options matter most to them 


e Provides a step-by-step way to make a decision 

e Includes tools like worksheets or lists of questions to use when discus- 
sing options 
Process included identification of what patients need to prepare them 
to discuss a specific decision 

e Process included expert review by patients and health professionals 


e Process included field testing with patients and health professionals 
Evidence e Describes how research evidence was selected or synthesized 
e Provides citations to the studies selected 


e Describes the quality of the evidence used 
Disclosure e Provides information about the funding used for development 


Decision guidance 


Development 


Plain language 


Decision support 
technology evaluation 


e Reports readability levels of the information presented 


e Process included accumulation of evidence that the decision support 
technology improves the match between patient values, goals, and 


preferences and the choice 


Test (for those decision 
support technologies 
focused on screening 


e Describes what the test is designed to measure 
e Includes information about the chances of having true or false positive 
and negative test results 


tests) e Describes the next steps if the test detects the condition or if the 
condition is not detected 


values has contributed several new instruments.*? 
Despite a large number of clinical trials, there has 
been little implementation of decision aids in clin- 
ical or community settings.*°** Arterburn and col- 
leagues at Group Health Research have moved in 
this direction with their study of 12 decision aids in 
an integrated health care system.*° Although this 
work did not include prostate cancer screening 
decisions, several recent studies on prostate 
cancer screening decisions have conducted pre- 
implementation studies in men of lower income 
and education levels in community settings.*°*” 


SUMMARY 


Prostate cancer screening decisions are signifi- 
cant to men and their families, considering the 
potential for benefits, including survival and the 
possibility of harms from overtesting and over- 
treatment that can impact a man’s life for many 


years. These decisions are challenging because 
of emotions associated with prostate cancer, as 
well as common cognitive tendencies, such as 
weighing personal experience with a prostate can- 
cer survivor more heavily than research data on 
the benefits and harms of PSA testing. In addition, 
scientific and professional organizations have 
taken disparate interpretations of the research 
evidence on the effectiveness of PSA screening 
for prostate cancer; consequently, recommenda- 
tions for prostate cancer screening differ across 
guidelines. Current guidelines are in agreement, 
however, on the importance of taking an informed 
decision-making or a shared decision-making 
approach to prostate cancer screening. Informed 
or shared decision making endorses providing 
patients with information on the potential benefits 
and harms associated with screening and consid- 
ering what is important to a patient in evaluating 
the benefits and harms. Patient decision aids 
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have been developed to assist in this process, 
with outcomes including improved knowledge, 
realistic perceptions of the benefits and harms, 
lower decision conflict, and improved agreement 
between the man’s values and his choices about 
screening. 
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Emerging PSA-Based Tests to 
Improve Screening 
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KEY POINTS 


e Using prostate-specific antigen (PSA) derivatives and additional kallikrein markers for prostate can- 
cer diagnosis can improve the current performance characteristics of the PSA test alone. 

e An improved screening test may dramatically reduce the number of men undergoing an unneces- 
sary biopsy while maintaining the ability to detect high-risk prostate cancer. 

e The use of an improved screening test may reduce both overdiagnosis and overtreatment of pros- 


tate cancer. 


INTRODUCTION 


Prostate cancer is the most commonly diagnosed 
malignancy in men in the United States. It was 
estimated that during 2013 in the United States, 
some 238,590 new prostate cancer cases would 
be diagnosed and 29,720 men would die from 
this disease.' Both early detection and treatment 
of clinically localized prostate cancer represent 
the most likely strategies that will enable clinicians 
to reduce the high rate of prostate cancer-related 
deaths. Prostate-specific antigen (PSA)-based 
testing has been widely used to aid prostate can- 
cer detection since the late 1980s and prostate 
cancer-specific mortality has decreased because 
of PSA-based screening programs in recent years. 
However, there is a concern that this decline has 
come at the expense of overdiagnosis and over- 
treatment. This article provides an overview of 
emerging PSA-based biomarkers with the poten- 
tial to improve the performance of prostate cancer 
screening programs. 


PSA-BASED SCREENING FOR PROSTATE 
CANCER 


The term screening describes the diagnosis of pre- 
clinical cases of a disease at an early stage to 
improve the outcomes for that condition. PSA- 
based screening for prostate cancer has to justify 
several important requirements to be acceptable 
and thereby become widely adopted by health 
care providers. Several recent studies have 
demonstrated that clear survival benefits may 
occur because of population-based prostate can- 
cer screening programs using PSA.*° Moreover, 
there is recent evidence that measuring a man’s 
PSA level in early midlife identifies a smaller subset 
of men who are at risk of developing metastatic 
prostate cancer several decades later. For 
example, men with a PSA level in the highest 
decile at age 45 to 55 years have a tenfold or 
higher risk of metastatic cancer 15 to 25 years later 
compared with men with a PSA level below 
the age-median.* Similarly, a single PSA 
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measurement at age 60 years may be very infor- 
mative in predicting which men are at significant 
future risk of prostate cancer-specific death.° 
However, despite the clear survival benefits that 
arise because of PSA-based prostate cancer 
screening, there are several disadvantages to the 
widespread adoption of this practice, including 
the potential for overdiagnosis and subsequent 
overtreatment of men.® 98 

Overdiagnosis and overtreatment of insignifi- 
cant prostate cancers unlikely to become clinically 
apparent during a man’s lifetime are significant 
problems.’ The European Randomized Study of 
Screening for Prostate Cancer (ERSPC) showed 
that PSA-based screening can reduce prostate 
cancer-specific mortality by 20% within 9 years, 
but large numbers of men need to be screened 
for each life saved. Further follow-up to 11 years 
demonstrated a greater reduction in prostate 
cancer-specific mortality and an improvement in 
the numbers needed to screen and treat to save 
each life.* 

Unfortunately, PSA has several performance 
limitations when it is used for prostate cancer 
screening, including a lack of specificity. As the 
specificity of PSA alone is limited, a prostate bi- 
opsy is positive in only around 25% of men with 
a PSA between 2 and 10 ng/mL.® Data reported 
using the control arm of participants in the Pros- 
tate Cancer Prevention Trial (PCPT) clearly 
demonstrated that there is no absolute lower limit 
of PSA below which there is no risk of detecting 
prostate cancer at biopsy among men aged 62 
to 91.° It is worthwhile noting, however, that there 
is a distinct difference between using the prostate 
biopsy endpoint of PCPT versus the prostate can- 
cer metastasis or cancer death endpoints used in 
recent reports describing PSA-based testing.* A 
further downside of using the PSA level alone in 
prostate cancer screening is that no single PSA 
cut-off threshold has particularly good test perfor- 
mance characteristics.°'°-'* Because PSA is an 
organ-specific, instead of a prostate cancer- 
specific biomarker, most men with an elevated 
level of PSA do not have prostate cancer. Men 
with a raised PSA may, therefore, be subjected 
to an unnecessary prostate biopsy and be 
exposed to the potential complications of this pro- 
cedure along with considerable associated anxi- 
ety. Moreover, as explained above, some men 
with a low PSA result may actually have prostate 
cancer.’ Many screen-detected prostate cancers 
may not actually require treatment, hence there 
is a need for a marker that can help to identify 
high-risk prostate cancer at an early stage, thereby 
enabling clinicians to undertake radical treatment 
enabling cure of those patients with the greatest 


risk of developing morbidity or mortality because 
of this malignancy. 

Given the clear limitations of PSA-based testing 
for prostate cancer, there are several concerns 
regarding the routine use of this test within the 
context of a national prostate cancer screening 
program. Currently, around half of all men in the 
United States undergo regular PSA testing'*'° 
and more than 1 million prostate biopsies are per- 
formed per annum in the United States alone.'° 
The US Preventative Services Task Force has 
recently recommended against PSA-based 
screening for prostate cancer.'’ This announce- 
ment has caused considerable controversy in the 
United States and concerns have been raised 
regarding the methodology used to review the ev- 
idence base for screening, together with the inter- 
pretation of this evidence. One approach to 
improve the benefit to cost ratio of a prostate can- 
cer screening program would be to focus more on 
those men with the highest risk of developing clin- 
ically significant malignancy.° Another strategy 
would be to improve methods of detection, 
perhaps by identifying novel diagnostic tests with 
a greater positive predictive value than the 
currently used PSA test. 


PSA 


Prostate cancer is an example of a urological ma- 
lignancy that has benefitted from the discovery 
and application of a tumor marker. PSA, or human 
kallikrein 3 (hK3, KLK3), was discovered in 1979 
and first applied to clinical use in the late 1980s 
and early 1990s.'*:'*-*° The PSA-era has led to 
a greater detection of nonpalpable clinically local- 
ized disease and this has resulted in a subse- 
quent reduction in prostate cancer-specific 
mortality.2°-°? 

PSA is a33-kD glycoprotein and serine protease 
produced under androgen-regulation®*** by the 
luminal cells of the prostate epithelium.°>°’ PSA 
acts to liquefy semen after ejaculation??? and it 
is normally found in serum at low concentrations 
compared with the amount within the ejaculate. 
Several different molecular forms of PSA can be 
found within serum where around 70% of PSA is 
bound as complexed PSA (cPSA) in association 
with molecules such as a1-antichymotrypsin 
(ACT, SERPINA3) or macroglobulin (A2M).*':49-4® 
PSA bound to ACT, but not A2M, represents the 
largest proportion of bound PSA that remains 
detectable with immunologic assays*®°° and free 
inactive PSA (fPSA) is also detectable.*° The 
development of antibodies specific for fPSA and 
cPSA has enabled accurate assays for the partic- 
ular forms of PSA to be developed*®:** so that the 
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percentage of fPSA can be measured and used to 
try and improve the accuracy of prostate cancer 
detection.843-51-56 

PSA also exists as several different isoforms. 
Luminal prostate epithelial cells produce proPSA, 
an inactive precursor of PSA that has a 7-amino- 
acid leader sequence. This is cleaved by the prote- 
ase action of human kallikrein 2 (hK2) and other 
kallikreins resulting in the 237-amino-acid mature 
form of PSA.” Numerous truncated or clipped 
forms of proPSA may arise due to the incomplete 
removal of the 7-amino-acid leader sequence. 
These and other forms of PSA may be released 
more freely within the circulation of men with pros- 
tate cancer.°'-’> It has recently been demon- 
strated that the levels of [-2] proPSA are higher in 
prostate cancer than the benign setting and that 
the use of this biomarker significantly improves 
the rate of cancer detection compared with using 
total PSA (tPSA) and the free-to-total PSA ra- 
tio.®74-87 Intact PSA describes an intact and inac- 
tive form of proPSA that does not form a complex 
and which is released from prostate cancer 
cells.°°:7°-°5 In fact, it is now known that prostate 
cancer cells actually produce less PSA than 
benign epithelial cells; however, changes in the ar- 
chitecture of the prostate epithelium arising from 
malignant progression?®?®-89 result in the serum 
PSA level becoming elevated in many, though 
not all, of these men. 

Because PSA is organ-specific and not prostate 
cancer-specific there is a considerable degree of 
overlap in PSA levels between patients with benign 
pathologies,*':7°°°-°° such as prostatitis, benign 
prostate hyperplasia, or urinary retention, 
compared with patients with prostate cancer.2°°* 
Anormal level of PSA was previously described as 
being below 4.0 ng/mL for men aged 50 to 80 years 
without prostate disease.°° However, recently, it 
has become clear that there is no such thing as a 
normal PSA in terms of prostate cancer risk. More- 
over, there is no PSA cut-off threshold below 
which the risk of detecting a prostate cancer on bi- 
opsy is zero,” so the choice of a PSA threshold at 
which a clinician might recommend a patient bi- 
opsy is controversial.°° °° If the PSA threshold is 
set too high, clinically significant prostate cancers 
might be missed. Conversely, if it is set too low 
then an unacceptably high number of men without 
prostate cancer would be subjected to an unnec- 
essary biopsy and, thereby, be exposed to the 
inherent risks and anxieties associated with this 
invasive procedure. The use of several PSA deriv- 
atives, such as PSA density, PSA velocity, age- 
adjusted PSA, free-to-total PSA ratio, and different 
molecular derivatives of PSA has led to various re- 
finements in the performance of the PSA test.°° 


Despite this, the limited sensitivity and specificity 
of PSA means that there remains an urgent need 
to identify prostate cancer biomarkers with better 
performance characteristics than PSA alone. 


ADDITIONAL HUMAN KALLIKREINS AS 
TUMOR MARKERS 


In addition to PSA, 14 other human kallikrein- 
related peptidases have now been identified and 
structurally characterized. Human kallikrein- 
related peptidase 2 (hK2, KLK2) is a protease 
with several similarities to PSA. For example there 
is 80% identity in primary structure between hK2 
and PSA, the expression of both the KLK2 and 
KLK3 genes is regulated by the signaling activity 
of the androgen receptor (AR) stimulated by the 
supply of androgens, and both PSA and hK2 
display a similar and highly extensive degree of 
prostate-specific expression pattern. hK2 is a 
trypsin-like serine protease responsible for 
cleaving proPSA into its enzymatically active 
form during a cascade reaction which regulates 
seminal clot liquefaction. Although the concentra- 
tion of hK2 in serum is about two orders of magni- 
tude lower than that of PSA, the development of 
reliable assays for hK2 suggests that this kallikrein 
may potentially be used as a prostate cancer 
biomarker.®®7299-110 Interestingly, whereas PSA 
is strongly expressed in benign epithelium, hK2 
becomes strongly expressed in malignant tissue, 
particularly in high-grade prostate cancer 
cases.®™111-113 Compared with individuals without 
prostate cancer, men with this malignancy have 
higher levels of hK2 in their serum and there is 
reasonable correlation between the serum level 
of hK2 and the aggressiveness of prostate cancer 
present in an individual. 101-112 

Many of the kallikreins interact with each other 
within both normal physiologic pathways and dur- 
ing the development of prostate pathology. 
Several of the recently described kallikreins, 
including KLK4, KLK5, KLK6, KLK8, KLK10, 
KLK11, and KLK14, have been tested as potential 
prostate cancer biomarkers in relatively small 
numbers of patients.''*-'*° To date, however, 
these additional kallikreins have not been proven 
clinically useful. 

The kallikreins can be subject to degradation if 
samples undergo repeated freeze-thaw cycles, 
and the values of both free and intact PSA are low- 
ered if samples are repeatedly frozen and 
thawed.’*:'*' In general, the plasma or serum 
should be separated from the cellular component 
of blood within around 1 hour of blood draw. fPSA 
in serum should be assayed within the same work- 
ing day, whereas plasma-based assays should be 


269 


270 


Bryant & Lilja 


undertaken within a day or two, '°° given that there 


is evidence to suggest that kallikreins are more 
stable in plasma than in serum samples. Subse- 
quently, the samples should be stored at —80°C 
and repeated freeze-thaw cycles should be 
avoided. In general, the performance characteris- 
tics of different PSA isoforms and novel kallikreins 
as prostate cancer biomarkers may be optimized 
by the correct handling and use of clinical 
samples. '°° 


THE USE OF COMBINATORIAL PANELS OF 
KALLIKREIN BIOMARKERS 


In recent years, there has been interest in devel- 
oping a prostate cancer screening test based on 
the use of assays for several kallikreins in combi- 
nation. This is based on the principle that the use 
of a panel of biomarkers might outperform the 
use of PSA alone. As an example, a panel of four 
kallikrein markers measured in blood has been 
demonstrated to outperform the use of PSA alone 
in predicting the outcome of a prostate biopsy in 
several cohorts of men enrolled in randomized 
studies of screening. '*':'*°'?” Specifically, these 
include fPSA, single-chain intact PSA (iPSA), 
tPSA, and hK2. Importantly, it has become 
apparent that predicting biopsy outcome based 
on this panel of four kallikrein markers may be bet- 
ter than using total PSA alone in both previously 
screened'*°-'2’ and hitherto unscreened '2!:129:124 
men. Crucially, in terms of developing a test that 
might be applicable to a population-based 
screening program for prostate cancer, the four 
kallikrein marker panel has the potential to dramat- 
ically reduce the number of unnecessary biopsies 
conducted as part of the screening program. If 
the four kallikrein marker panel was used in a 
screening program along with a man’s age, 
regardless of whether a digital rectal examination 
(DRE) is incorporated, evidence suggests that 
the number of unnecessary biopsies can be 
greatly reduced without missing many high- 
grade cancers, '21:129:128 

Studies of the four kallikrein markers have facil- 
itated the development of mathematical laboratory 
models (based on assays of the four kallikrein- 
markers and a man’s age) and clinical models 
(using the four kallikreins, a man’s age, and the 
findings at DRE). A laboratory model is potentially 
very useful because men within a screening pro- 
gram do not have to undergo a DRE, and raises 
the concept of the use of a finger-prick blood 
test, which may be performed at home or in the 
office, instead of a visit to a particular screening 
center and a clinical examination. The adoption 
of a simpler and less intrusive test may raise 


compliance with the screening program. Fortu- 
nately, assays for tPSA and fPSA are now widely 
available and assays for iPSA and hK2 have now 
been developed; therefore, all four assays could 
be readily and conveniently incorporated into a 
single test with a relatively low cost. 

The performance of fewer unnecessary prostate 
biopsies clearly has potential benefits such as a 
reduction in costs, a reduced risk of biopsy- 
associated complications such as bleeding and 
sepsis, and a reduction in the anxiety experienced 
by men who undergo screening. An additional po- 
tential benefit to undertaking fewer biopsies within 
a screening program might be that fewer clinically 
insignificant prostate cancers are detected, 
thereby reducing the associated problems of over- 
diagnosis and overtreatment of low-grade cancers 
that are otherwise considered overdiagnosed us- 
ing current PSA-based detection methods. '?1:1?9 
However, undertaking fewer prostate biopsies 
within a fixed population of screened men and 
thereby detecting fewer overall cancers, might 
be expected to result in the underdetection of clin- 
ically significant cancer cases. In fact, the available 
evidence from the studies performed thus far sug- 
gests that very few high-grade prostate cancers 
seem to be missed using the four kallikrein marker 
panel during an initial round of screening. 1?! 1?3 In 
addition, it might be reasonable to assume that 
any high-grade cancers potentially missed by a 
round of screening using the four kallikrein panel 
could subsequently be detected during a further 
round of screening. This would still be within a 
“window of curability,” provided the screening 
rounds were sufficiently frequent to pick up any 
progressing malignancy before it had become 
incurable. All of the studies performed to date to 
evaluate the four kallikrein panel of biomarkers 
have been performed in European population 
cohorts using serum samples; however, plasma- 
EDTA anticoagulated samples may be more bene- 
ficial because they can be shipped to other 
centers for novel biomarkers to be evaluated in 
other laboratories. Moreover, validation studies 
performed using cohorts of men from the United 
States are needed to verify the applicability of 
this test in these populations. The four kallikrein 
marker assay is not yet readily available in the 
United States; however, it is likely to be introduced 
in the near future. 

The use of different PSA isoforms and additional 
kallikreins as newer biomarkers within the context 
of a screening program has the potential to 
improve on the diagnostic performance of using 
PSA alone, resulting in fewer men needing to un- 
dergo a prostate biopsy procedure. Although the 
four kallikrein marker panel for example has shown 


Emerging PSA-Based Tests to Improve Screening 


particular promise in retrospective studies, many 
of the cohorts in the studies reported to date 
comprise serum, instead of plasma, samples, 
and many of the protocols within these screening 
studies included the use of sextant rather than 
extended core biopsies. It is now recognized that 
the use of extended core biopsies to detect pros- 
tate cancer is superior to sextant samples due to 
improved sampling of the gland.'*° Moreover, 
many of the studies of PSA-based screening for 
prostate cancer have included men in the eighth 
decade of life, whereas it is now recognized that 
the men who are likely to benefit the most from 
prostate cancer screening are those in earlier 
midlife, perhaps between the ages of 40 and 
60 years. A prospective study evaluating the 
contemporaneous use of a panel of PSA variants 
and additional kallikreins, focusing on early 
middle-aged men with the most to gain from a 
well-performing screening test, would be 
extremely helpful in clarifying the clinical useful- 
ness of such a panel of kallikrein biomarkers. 

A novel approach to improve the clinical perfor- 
mance of PSA is to combine the results of three 
automated blood tests (tPSA, fPSA, and [-2] 
proPSA) using a mathematical formula termed the 
Prostate Health Index (phi). The phi test specifically 
uses the formula ([-2] proPSA/fPSA x JtPSA) to 
calculate and report a phi result, which can improve 
the rate of prostate cancer detection compared 
with either tPSA or f/tPSA alone.”4-77:918.84.87 
Levels of phi have been demonstrated to differ 
significantly between men with and without pros- 
tate cancer in European cohorts.® The phi had clin- 
ical specificities of 23% and 31% at a sensitivity 
of 95% and 90%, compared with specificities of 
10% and 8% for tPSA alone.®* The phi has also 
been prospectively evaluated in a large cohort of 
men in the United States with PSA levels of 2 to 
10ng/mL.” The performance of phi was compared 
with tPSA, fPSA, and [-2] proPSA. At a sensitivity of 
80% to 95%, the specificity of phi to detect pros- 
tate cancer was higher than for tPSA and fPSA.”4 
The phi has also been shown to be a stronger pre- 
dictor of prostate cancer at biopsy in men with PSA 
levels of 2 to 10 ng/mL in an Italian study.’° 

Use of the phi may help to reduce the number of 
unnecessary prostate biopsies undertaken in men 
with moderately elevated levels of PSA and it may 
provide a useful tool in the discrimination of insignif- 
icant and aggressive prostate cancer. As an 
example, around three-quarters of prostate can- 
cers detected with a phi value less than 25 have 
been found to be clinically insignificant at prostate 
biopsy.’“ The phi has also been demonstrated to 
miss fewer prostate cancers with a Gleason score 
greater than 7 compared with tPSA or free-to-total 


PSA,°* whereas the risk of detecting a clinically 
aggressive cancer has been shown to be increased 
in men with higher phi readings.’“ Studies have also 
shown an association between phi and [-2] proPSA 
levels and Gleason score, suggesting that these 
biomarkers may be useful in the prediction of 
aggressive disease.’° Whereas the level of PSA is 
known to correlate with prostate volume, the phi 
reading has been shown to correlate with tumor vol- 
ume, providing further evidence that this tool may 
be helpful in the detection of clinically aggressive 
disease at prostate biopsy. By helping to reduce 
the number of unnecessary prostate biopsies, the 
use of phi not only provides a clinical benefit to 
men at lower levels of PSA but it can also facilitate 
substantial cost savings for health care systems. ‘°° 
Taken together, the available evidence suggests 
that phi may play an important role in the identifica- 
tion of prostate cancer at biopsy, especially in men 
more than 50 years old with a negative DRE anda 
tPSA in the range of 2 to 10 ng/mL. Following a pro- 
spective multicenter Food and Drug Administration 
(FDA) registration study, which included men 
with contemporary and more extensive biopsy 
schemes, the phi has now been approved by the 
FDA in the United States. 


SUMMARY 


Although the use of PSA has revolutionized the 
detection and treatment of prostate cancer, there 
remains considerable scope for both improve- 
ments in the use of variations of the PSA test 
and the development of novel biomarkers. The 
use of PSA derivatives and additional kallikrein 
markers has the potential to improve the current 
performance characteristics of the PSA test alone. 
The use of PSA as part of a multivariable approach 
to early prostate cancer detection, including such 
tools as the phi test, has recently been supported 
by the Melbourne Consensus Statement on Pros- 
tate Cancer Testing.'°' An improved screening 
test may dramatically reduce the number of men 
undergoing an unnecessary biopsy while main- 
taining the ability to detect high-risk cases of this 
common malignancy. Such an approach has the 
potential to reduce the overdiagnosis and over- 
treatment of prostate cancer while enabling clini- 
cians to focus on high-risk cases of localized 
prostate cancer in a population of men likely to 
benefit from radical intervention. 
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Variation in Prostate Cancer 
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KEY POINTS 


e There is a strong genetic predisposition to prostate cancer. 

e Studies have identified rare, highly penetrant genetic variants that significantly increase the risk of 
prostate cancer and the aggressive forms of the disease. 

e Genome-wide association studies have identified common widely validated genetic variations 
within the population that increase the risk of prostate cancer in a cumulative fashion. 

e Genetic mutations within tumors have also been found that contribute to disease risk and aggres- 
siveness; some have been incorporated into commercial assays. 

e The mechanisms by which genetic variations influence the risk and progression of prostate cancer 
and their clinical application are under investigation; however, these variants hold potential to 
improve and personalize current screening and treatment algorithms. 


INTRODUCTION 


Prostate cancer (PC) is the second most common 
visceral malignancy in men worldwide, with 
approximately 900,000 new cases being diag- 
nosed annually.’ However, there is substantial 
variation in disease incidence based on 
geographic region. This situation is partly due to 
the influence and variability in the implementation 
of routine testing for PC with serum prostate- 
specific antigen (PSA) measurement and digital 
rectal examination. As such, geographic regions 
with the highest rates of testing, such as the United 
States and Western and Northern Europe, have 
the highest reported rates of PC, whereas regions 
with low rates of testing, such as some Asian and 
African countries, have the lowest incidence 
rates. In addition, in countries with high PC inci- 
dence rates, there is a significant discrepancy 


between PC incidence and mortality. For example, 
there are almost 240,000 new PC diagnoses annu- 
ally in the United States, but fewer than 15% of 
these men ultimately die of PC.° This low 
mortality-to-incidence ratio is largely attributed to 
the widespread implementation of PSA testing 
and effective treatment of early-stage disease 
throughout the United States.*-’ 

Since its introduction as an aid to the early 
detection of PC in the 1990s, PSA testing has influ- 
enced the diagnosis and treatment of PC.’ Routine 
PSA testing has been associated with a stage 
migration toward increased diagnoses of organ- 
confined, low-grade PC.*”’ The result has been a 
significant decrease in both the percentage and 
absolute number of men presenting with metasta- 
tic disease as well as a 45% reduction in the age- 
adjusted PC-specific mortality rate. Despite these 
improvements, PSA testing has negatively 
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affected some men. It is likely that some have been 
subject to risks secondary to potentially unneces- 
sary biopsies and the overtreatment of a non-life- 
threatening PC that may not have been diagnosed 
without PSA testing. Furthermore, unnecessary 
treatment is costly and may be associated with 
side effects.°-'' Thus, there is an urgent need for 
new biomarkers to distinguish aggressive from 
indolent PC and to improve current early detection 
strategies and clinical treatment decisions. 

The strongest risk factor for PC, other than 
advanced age and race (eg, African American 
ancestry), is family history of the disease.'*-'* In 
fact, it has been shown that PC is one of the 
most heritable of cancers, as studies of twins 
have shown that up to 42% of the risk can be ex- 
plained by genetic factors.'° Epidemiologic data 
provide further support for a hereditary compo- 
nent. For example, data derived from a Swedish 
population-based study suggested that 11.6% of 
PC cases can be accounted for by familial factors 
alone. '° In addition, a meta-analysis investigating 
familial clustering suggested that risk was greater 
for men with affected brothers (relative risk 
[RR] = 3.4) than for men with affected fathers 
(RR = 2.2). Second-degree relatives conferred a 
lower risk (RR = 1.7) than fathers or brothers, 
and having 2 or more first-degree relatives 
conferred the highest risk (RR = 5.1).'’ The risk 
also appears to be greater among probands with 
first-degree relatives who are diagnosed with PC 
at younger ages. '® 

Until recently, the study of cancer genetics has 
focused on identifying a few genes with high pene- 
trance.'*:'° Despite strong evidence for the exis- 
tence of PC susceptibility genes, family-based 
linkage studies have largely failed to reproducibly 
identify mutations within genes that can explain 
most PC cases. This is believed to be due to the 
high incidence of nonfamilial PC and the lack of 
statistical power in familial (segregation) studies. 
However, over the past several decades, PC ge- 
netics has been revolutionized by increasing ge- 
netic technologies at significantly decreasing 
costs. Specifically, the field witnessed a progres- 
sion from these early linkage studies involving 
families of PC patients using microsatellite 
markers, to loss-of-heterozygosity studies using 
a more targeted approach with candidate genes 
(eg, BRCA and retinoblastoma genes), to 
genome-wide association studies (GWAS) of ge- 
netic variants (called single-nucleotide polymor- 
phisms [SNPs]), to expression profiling studies to 
copy number variation studies, to whole exome 
sequencing, and now to entire genome- 
sequencing studies. These advances have al- 
lowed for the identification of genetic variants in 


both germline and tumor DNA that increase a 
man’s risk for PC and aggressive disease (eg, 
Refs.2°-°7). This review discusses the potential 
use of genetic markers as a way to identify groups 
of men at high risk of developing PC, improve 
screening practices, discriminate aggressive 
from indolent disease, and, potentially, person- 
alize therapeutic strategies. 


USEFULNESS OF RARE GENOMIC VARIATION 
IN SCREENING FOR AND TREATMENT OF 
PROSTATE CANCER 


As previously mentioned, many prior genetic 
studies have failed to identify a highly prevalent 
and penetrant gene or mutation associated with 
PC susceptibility. Linkage studies have identified 
PC-risk loci on several chromosomes, with the 
strongest linkage being to chromosome 1. Notable 
candidate genes include HPC1 on chromosome 
1q23-35, PCAP on chromosome 1q42-43, and 
CAPB on chromosome 1p36.7° In addition, data 
from the International Consortium for Prostate 
Cancer Genetics (ICPCG) has identified 12 addi- 
tional regions associated with PC risk, including 
1q23, 5q11, 5q35, 6p21, 8q12, 11913, and 
20p11-q11.°* 

Many studies have revealed an association 
between rare mutations in the breast cancer 
predisposition genes (BRCA1 and BRCA2) and 
PC risk.2°-?’ BRCA1 and BRCA2 are tumor- 
suppressor genes, located on chromosomes 
17q21 and 13q12, respectively, that are inherited 
in an autosomal dominant fashion. In healthy indi- 
viduals, the BRCA7 and BRCA2 genes function 
within the DNA repair pathway, and help regulate 
transcription and chromatin remodeling. However, 
in patients with germline mutations in one of the 
BRCA genes, acquired inactivated or mutation of 
the remaining wild-type allele is associated with 
tumorigenesis. This loss of function is associated 
with loss of DNA repair mechanisms (eg, double- 
strand breaks by homologous recombination) 
and genomic instability, which often results in tu- 
mors within breast, ovarian, pancreatic, and pros- 
tate tissue.2°°" 

One of the major challenges to studying the role 
of BRCA mutations in PC susceptibility is the rela- 
tively low incidence of germline mutations in those 
genes.°*-*° Although present in less than 0.3% of 
sporadic PC cases, germline mutations within 
the BRCA genes have been associated with a 
significantly increased risk of PC (for BRCAT it is 
increased up to 3.5-fold, and for BRCA2 it is 
increased up to 8.6-fold in men <65 years).°° In 
addition, it has been estimated that the lifetime 
risk of developing PC in BRCA7 or BRCA2 


mutation carriers is 20% and approximately 10%, 
respectively.7° These risks may be more exagger- 
ated in certain cohorts of men, including the 
Ashkenazi Jewish population, in which the inci- 
dence of BRCA mutations has been estimated to 
be approximately 2% .°°°9 

While the evidence linking BRCA mutations to 
the PC risk is established there is continued 
debate as to the association between these muta- 
tions and aggressive PC as well as adverse clinical 
outcomes. However, several case-case studies 
have suggested an association between BRCA2 
carriers and more poorly differentiated and larger 
tumors in comparison with noncarriers.7°*' In 
addition, many recent studies have suggested a 
relationship between BRCA2 mutation status and 
less favorable overall and PC-specific survival 
that is independent of prognostic factors such as 
tumor stage, Gleason score, and PSA level. 4042-44 
Because of the association with aggressive tu- 
mors, BRCA mutation carriers identified through 
genotyping patients with a family history sugges- 
tive of a BRCA mutation (early-onset breast and 
ovarian cancer) should be screened with PSA 
and digital rectal examination. BRCA mutation car- 
riers diagnosed with apparent low-risk disease 
may not be good candidates for active surveil- 
lance protocols, and should probably undergo 
radical treatment (eg, surgery or radiation). 

Knowledge of a man’s BRCA mutation status 
also may help guide therapy in men with 
advanced PC. For example, in a cohort of women 
with ovarian cancer associated with BRCA2 muta- 
tions, platinum-based chemotherapy was associ- 
ated with improved outcomes.*° For men, there is 
evidence that BRCA-associated PC responds to 
poly-ADP ribose polymerase (PARP) inhibition, 
suggesting that carrier status may affect treat- 
ment selection.*°*’ However, this might not be 
the case for all treatment options. Gallagher and 
colleagues*® suggested that BRCA status might 
not affect outcomes in BRCA mutation carriers 
with advanced PC who were treated with stan- 
dard chemotherapy regimens using docetaxel 
and glucocorticoids, when compared with a 
cohort of noncarriers with a comparable disease 
status. 

Taken together, it seems that although muta- 
tions within the BRCA genes are highly penetrant 
and may even predispose to aggressive disease, 
their clinical usefulness in population-wide 
screening may be limited by their low incidence. 
Knowledge of an individual’s BRCA status may 
help guide treatment algorithms; however, future 
and ongoing trials, including the IMPACT Trial 
(Identification of Men with a genetic Predisposition 
to ProstAte Cancer: Targeted screening in men at 
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higher genetic risk and controls) will help answer 
how to improve both screening and treatments 
among men harboring BRCA mutations. 

The BRCA genes are not the only DNA-repair 
genes associated with PC. Associations between 
other DNA-repair genes, including PALB2, 
BRIP1, CHEK22, and NBS7 genes and PC have 
also been recognized. In addition, while initially 
recognized that mutations within DNA mismatch 
repair genes, including MLH1, MSH2, MSH6, and 
PMS2, are associated with a 35% to 80% 
increased lifetime risk of developing colorectal 
cancer, it is now accepted that they also confer a 
significantly greater risk of other cancers, including 
gastric, ovarian, pancreatic, brain, and sebaceous 
tumors. ®5° Most recently it was shown that these 
mutations also increase the risk of PC.°'°? Da 
Silva and colleagues°* analyzed a relatively small 
population of men and reported that more than 
20% of carriers of these mutated genes developed 
PC. By contrast, other studies have estimated that 
the risk associated with these mutations is much 
lower, ranging between 2% and 3%.°*°° Lynch 
syndrome, which involves mutated mismatch 
repair genes, has also been implicated in PC. A 
familial-based study of PC estimated that the cu- 
mulative lifetime risk of prostate cancer in individ- 
uals with Lynch syndrome is more than 2-fold 
higher than in the general population and is slightly 
higher in carriers diagnosed with early-onset PC 
(ie, <60 years).°' Prospective follow-up in men 
with Lynch syndrome will help shed light on the 
natural history of PC in men with mutations within 
mismatch repair genes and also help to guide ther- 
apies in men with Lynch syndrome. 

Mutations and variations within BRCA and many 
of the DNA mismatch repair gene family members 
are not only are associated with a greater risk of 
developing familial PC but also have implications 
in the prognosis and potential management of 
the disease. Genotyping for these mutations within 
families can be performed to help aid identification 
of high-risk populations. In addition, given their 
potential associations with aggressive and early- 
onset disease, carriers of these mutations may 
be less favorable candidates for active surveil- 
lance strategies. Future studies are needed to 
design personalized management of these 
patients. 


USEFULNESS OF COMMON GENOMIC 
VARIATION AND SCREENING FOR PROSTATE 
CANCER 


It has been estimated that 99.9% of the human 
DNA sequence is identical between any 2 individ- 
uals. However, given the vast size of the human 
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genome (3.2 billion base pairs), even this small dif- 
ference results in millions of potential genetic var- 
iations. These common variations are called SNPs 
and are classically defined as having a variant 
allele (referred to as minor allele) frequency of 
greater than 5%.°° Advances in high-throughput 
genotyping, together with the completion of the 
HapMap and Human Genome Projects, have 
enabled the performance of GWAS and, even 
more recently, detailed whole-exome and whole- 
genome sequencing studies. These genetic 
studies have generally been designed as case- 
control studies involving relatively large cohorts 
of patients that evaluate associations between 
the frequencies of SNPs and disease status. The 
SNPs identified in GWAS are believed to be surro- 
gates for the true causative locus within a linkage 
disequilibrium block that is biologically respon- 
sible for the association.°’ 

Although many early linkage, admixture, and cy- 
togenetic studies suggested an association be- 
tween PC risk and the 8q24 region,°°°° it was 
not until 2006 that a PC GWAS confirmed the as- 
sociation.°' These results were validated in many 
different large cohorts of men and thus represent 
a common, reproducible variant associated with 
increased risk of sporadic PC, and later with famil- 
ial PC as well. Rapid advances in genetics 
research have allowed fine-mapping studies of 
8q24 that have now identified more than 8 variants 
located within at least 5 distinct PC susceptibility 
regions.°*-©* These PC-risk SNPs lie in a so- 
called gene desert (ie, a region of the genome 
that is devoid of genes), with the closest annotated 
gene being MYC, located approximately 200 to 
700 kilobases away. MYC is considered an impor- 
tant oncogene in PC because the locus is often 
amplified in tumors, and functional experiments 
have shown that human MYC expression in the 
mouse prostate can lead to invasive adenocarci- 
noma.°° However, it should be noted that SNPs 
in the MYC gene locus itself are not in linkage 
with the genetic variants associated with PC 
risk.t66 Results of several studies have sug- 
gested that the PC-risk SNPs contain functional 
transcriptional enhancers that physically interact 
with the MYC locus and influence MYC regula- 
tion.°’-©° Risk loci at 8q24 may also alter binding 
to the transcription factors TCF4, FOXAT7, or YY17, 
which could also influence gene expression and 
cell behavior of PC tumor.8%70.71 

GWAS of PC have rapidly progressed after the 
identification of the 8q24 locus (Table 1).2?7273 
In fact, there are now almost 80 different genetic 
variants associated with increased PC risk identi- 
fied by GWAS on 20 different chromosomes. In 
general, the relative increased risk of developing 


PC based on any individual SNP is small, ranging 
from 1.02- to 1.5-fold.’* However, this risk ap- 
pears to be cumulative and increases with the 
number of risk alleles that an individual 
carries.’°-’® Together with family history, it has 
been estimated that these SNPs can explain 
approximately 30% of the familial risk of PC in 
populations of men of European ancestry. ’2 

Recent technological advances in sequencing 
techniques have allowed researchers to perform 
more detailed genetic analyses. Whole-genome 
and exome sequencing studies have recently re- 
vealed other relatively rare, highly penetrant ge- 
netic variants (minor allele frequency in the 
population <1%) associated with PC risk, which 
also have been validated in independent popula- 
tions. For example, coding variants in the homeo- 
box B13 (HOXB13) gene were recently identified 
through targeted exonic sequencing of genes in 
a region of PC linkage at chromosome 17q21- 
22.°4,72-81 In 4 families of European-American 
ancestry, a rare mutation associated with an 
amino acid substitution of glutamic acid for glycine 
was detected in HOXB13 (G84E, rs138213197).°' 
This mutation was then genotyped in a large num- 
ber of additional samples, and was found in 72 of 
5083 PC cases (carrier frequency = 1.4%), but in 
only 1 of 1401 controls (carrier frequency = 
0.07%). The G84E mutation frequency was 
increased to 2.2% when analyses were restricted 
to men with early-onset disease (<55 years) or a 
family history of PC.°' Other studies have 
confirmed this finding in men of European 
ancestry, and different HOXB13 mutations have 
been detected in PC cases of African American 
and Asian ancestry.®*:°?-8° In addition, another 
contemporary sequencing study has documented 
an association between a rare, relatively highly 
penetrant genetic variant on chromosome 8q24 
(rs188140481, A allele) that significantly increases 
an individual’s risk of PC by almost 3-fold (odds 
ratio [OR] = 2.90).°° 

Given the controversy over the benefits of 
routine PSA testing,® as germline SNPs are vali- 
dated markers associated with increased PC risk 
that do not fluctuate over time or with other 
concomitant disease processes, there is interest 
in their use as biomarkers to improve PC screening 
strategies. Several studies have evaluated panels 
of SNPs in this regard. A study involving more 
than 3500 PC cases and controls evaluated a 
panel of 5 SNPs associated with the risk of devel- 
oping PC. Carriers of all 5 risk alleles who had a 
family history of PC had an approximately 9.5- 
fold increased risk for developing the disease 
compared with men without a family history car- 
rying no risk alleles.” However, it should be noted 
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Table 1 
List of genetic variants associated with significantly increased risk of prostate cancer 


Reference Risk Per 

Locus SNP Allele Allele Allele OR (95% Cl) Nearby Genes 

1q21 rs1218582 A G 1.06 (1.03-1.09) KCNN3 

1q32 rs4245739 0.91 (0.88-0.95) MDM4, PIK3C2B 

2p11 rs10187424 0.92 (0.89-0.94) GGCXIVAMP8 

2p15 rs721048 1.15 (1.10-1.21) EHBP1 

2p21 rs1465618 1.08 (1.03-1.12) THADA 

2p24 rs13385191 1.15 (1.10-1.21) C2orf43 

2p25 rs11902236 1.07 (1.03-1.10) TAF1B:GRHL1 

2q31 rs12621278 0.75 (0.70-0.80) ITGA6 

2q37 rs2292884 1.14 (1.09-1.19) MLPH 

2q37 rs3771570 1.12 (1.08-1.17) FARP2 

3p11 rs2055109 1.2 (1.13-1.29) Unknown 

3p12 rs2660753 1.18 (1.06-1.31) Unknown 

3q13 rs7611694 0.91 (0.88-0.93) SIDT1 

3q21 rs10934853 1.12 (1.08-1.16) EEFSEC 

3q23 rs6763931 1.04 (1.01-1.07) ZBTB38 

3q26 rs10936632 0.9 (0.88-0.93) CLDN11/SKIL 

4q13 rs1894292 0.91 (0.89-0.94) AFM, RASSF6 

4q22 rs17021918 0.9 (0.87-0.93) PDLIM5 

4q22 rs12500426 1.08 (1.05-1.12) PDLIM5 

4q24 rs7679673 0.91 (0.88-0.94) TET2 

5p12 rs2121875 1.05 (1.02-1.08) FGF10 

5p15 rs2736098 0.87 (0.84-0.90) TERT 

5p15 rs12653946 1.26 (1.20-1.33) IRX4 

5p15CL rs401681 1.07 (0.86-1.33) CLPTM1 

5q35 rs6869841 1.07 (1.04-1.11) FAM44B (BOD1) 

6p21 rs130067 1.05 (1.02-1.09) CCHCR1 

6p21 rs1983891 1.15 (1.09-1.21) FOXP4 

6p21 rs3096702 1.07 (1.04-1.10) NOTCH4 

6p21 rs2273669 1.07 (1.03-1.11) ARMC2, SESN1 

6q22 rs339331 1.22 (1.15-1.28) RFX6 

6q25 rs9364554 1.17 (1.08-1.26) SLC22A3 

6q25 rs1933488 0.89 (0.87-0.92) RSG17 

7p15 rs10486567 0.74 (0.66-0.83) JAZF1 

7p21 rs12155172 1.11 (1.07-1.15) SP8 

7q21 rs6465657 1.12 (1.05-1.20) LMTK2 

8p21 rs2928679 1.05 (1.01-1.09) SLC25A37 

8p21 rs1512268 1.18 (1.14-1.22) NKX3.1 

8p21 rs11135910 1.11 (1.07-1.16) EBF2 

8q24 rs188140481 2.90 (2.44-3.44) Unknown 

8q24 rs1447295 1.62 (1.20-1.93) Unknown 

8q24 rs6983267 1.26 (1.13-1.41) Unknown 

8q24 rs16901979 1.79 (1.36-2.34) Unknown 

8q24 rs10086908 0.87 (0.81-0.94) Unknown 

8q24 rs16902094 1.21 (1.15-1.26) Unknown 
(continued on next page) 
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Table 1 
(continued) 


Reference Risk Per 
Locus SNP Allele Allele Allele OR (95% Cl) Nearby Genes 
8q24 rs445114 C T 1.22 (1.12-1.32) Unknown 
8q24 rs12543663 1.08 (1.00-1.16) Unknown 
8q24 rs620861 0.9 (0.84-0.96) Unknown 
9q31 rs817826 1.41 (1.29-1.54) RAD23B-KLF4 
9q33 rs1571801 1.27 (1.10-1.48) DAB21P 
10q11 rs10993994 1.25 (1.17-1.34) MSMB 
10q24 rs3850699 0.91 (0.89-0.94) TRIM8 
10q26 rs4962416 1.2 (1.07-1.34) CTBP2 
10q26 rs2252004 1.16 (1.10-1.22) Unknown 
11p15 rs7127900 1.22 (1.17-1.27) Unknown 
11q12 rs1938781 1.16 (1.11-1.21) FAM111A 
119413 rs11228565 1.23 (1.16-1.31) TPCN2-MYEOV 
11q13 rs10896450 1.16 (1.06-1.27) TPCN2-MYEOV 
11q13 rs12418451 1.15 (1.06-1.24) Unknown 
11q13 rs7931342 0.84 (0.79-0.90) Unknown 
11q22 rs11568818 0.91 (0.88-0.94) MMP7 
12q13 rs10875943 1.07 (1.04-1.10) TUBA1C/PRPH 
12q13 rs902774 1.17 (1.11-1.24) KRT8& 
12q24 rs1270884 1.07 (1.04-1.10) TBX5 
13q22 rs9600079 1.18 (1.12-1.24) Unknown 
14q22 rs8008270 0.89 (0.86-0.93) FERMT2 
14q24 rs7141529 1.09 (1.06-1.12) RAD51L1 
17p13 rs684232 1.1 (1.07-1.14) VPS53, FAM57A 
17q12 rs4430796 1.22 (1.15-1.30) HNF1B 
17q12 rs11649743 1.28 (1.07-1.52) HNF1B 
17q21 rs138213197 20.1 (3.5-803.3) HOXB13 
17q21 rs7210100 1.51 (1.35-1.69) ZNF652 
17q21 rs11650494 1:15 (1.09-1.22) SPOP, HOXB13 
17q24 rs1859962 1.2 (1.14-1.27) Unknown 
18q23 rs7241993 0.92 (0.89-0.95) SALL3 
19q13 rs2735839 0.83 (0.75-0.91) KLK2/KLK3 
19q13 rs8102476 1.12 (1.08-1.15) Unknown 
19q13 rs11672691 1.12 (1.03-1.21) Unknown 
19q13 rs103294 1.28 (1.21-1.36) LILRA3 
20q13 rs2427345 0.94 (0.91-0.97) GATAS, CABLES2 
20q13 rs6062509 0.89 (0.66-0.92) ZGPAT 
22q13 rs9623117 1.18 (1.11-1.26) TNRC6B 
22q13 rs5759167 0.86 (0.83-0.88) BIL/TTLL1 
Xp11 rs5945572 1.23 (1.16-1.30) NUDT11 
Xp22 rs2405942 0.88 (0.83-0.92) SHROOM2 
Xq12 rs5919432 0.94 (0.89-0.98) AR 
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Abbreviations: Cl, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism. 
Data from Refs,61-63:66:.72.103,137,172,216-221 


that those carrying either no or all risk SNPs repre- 
sented only a small subset of the cohort studied. 
Overall, the 5-SNP-panel genotype was not able 
to contribute significantly to PC-risk prediction af- 
ter adjusting for established risk factors such as 
age or family history.”° In a later study that exam- 
ined the first 14 PC-risk-associated SNPs identi- 
fied in various GWAS studies, 55-year-old men 
with a family history of PC who also were carriers 
of all 14 risk alleles were found to have a 52% 
risk of being diagnosed with PC over a 20-year 
period. In comparison, without the knowledge of 
the SNP genotype and family history, these men 
would have been predicted to have an average 
population absolute risk of 13%.°’ Similarly, 
many other studies have demonstrated a cumula- 
tive effect of PC risk with panels of varying 
numbers of SNPs in different cohorts of 
men.”®=7788-91 The cumulative level of PC risk as 
predicted by associated risk SNPs is comparable 
with current population risk screening methods 
for various other types of cancer, such as 
screening for lung cancer based on smoking sta- 
tus, or screening for breast cancer based on 
mammography.°??:°° 

Other studies have recently evaluated larger and 
different panels of SNPs that have been validated 
for PC diagnosis on biopsy. It has been shown that 
when combined with clinical characteristics such 
as family history or PSA, the PC-risk SNPs can 
significantly improve the prediction of biopsy re- 
sults. For example, a recent GWAS demonstrated 
that a panel of 23 PC-risk SNPs can be used in 
combination with PSA to significantly improve 
the prediction of prostate biopsy outcomes.”* 
Similarly, using a Swedish cohort of men who un- 
derwent a prostate biopsy during the period 2005 
to 2007, it was shown that a genetic prediction 
model that included PC-risk SNPs and existing 
clinical variables (age, PSA, free-to-total PSA, 
and family history) performed significantly better 
than the clinical model only.°° The genetic model 
group required significantly fewer biopsies than 
the group not using the genetic model (22.7%), 
at a cost of missing a PC diagnosis in 3% of pa- 
tients with aggressive disease characteristics.°° 
These results suggest the genetic markers can 
be used to improve risk prediction, and ultimately 
may help reduce the number of unnecessary bi- 
opsies performed. 

The potential benefit of applying all known PC 
SNPs to routine clinical practice has yet to be eval- 
uated. To date, no study has evaluated the useful- 
ness of a panel of the nearly 80 different PC-risk 
SNPs or some of the rarer genetic variants in this 
regard. Although it is possible that a panel of 
SNPs may benefit a relatively small population of 
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men who are carriers of a majority of SNPs, it is 
likely that more would benefit in the future as 
new risk SNPs continue to be identified. Thus, as 
knowledge of the SNPs increases, genotyping 
could result in more efficient screening protocols. 

Marked genetic variation exists between men of 
different races, and most PC-risk SNPs were iden- 
tified in populations of European ancestry. 
Although men of African heritage are at a far higher 
risk of developing PC and dying of PC, fewer PC 
GWAS have been performed in African Ameri- 
cans.2°'°9 However, several studies have been 
performed in both African and African American 
cohorts.°°:'°'-'°° In general, these studies suggest 
that while some of the same European PC-risk 
SNPs are associated with increased susceptibility 
in black men, many do not. Future genetic studies 
in African Americans and other ethnically diverse 
populations are critical to the understanding 
of PC, and also will help identify risk factors that 
can be used to improve outcomes in all 
populations. 


USEFULNESS OF COMMON GENOMIC 
VARIATION TO IMPROVE CURRENT SERUM 
PSA SCREENING 


The most commonly used screening test for PC is 
measurement of the serum concentration of PSA. 
However, there is no single threshold value for 
PSA that can reliably distinguish patients with PC 
from those without. Thus, many men without PC, 
but with high PSA levels, are subjected to the mor- 
bidities associated with diagnostic biopsies. As 
such, there has been a large research effort into 
improving the performance of PSA testing itself, 
including measuring PSA isoforms.''° Recently it 
has been shown that genetic factors can also be 
used to improve the performance characteristics 
of PSA testing.°*:'"" 

It has previously been estimated that 40% to 
45% of the interindividual variability in measured 
serum PSA concentrations can be explained by 
genetic factors.''*:''S Recent studies have shown 
that SNPs in or near the gene that encodes PSA 
(eg, kallikrein-related peptidase 3 [KLK3]) can in- 
fluence PC screening and detection.®®111:114-117 
For example, several studies have identified 
SNPs within or near KLK3 that can influence serum 
PSA concentrations in men without PC.!18-126 
Similarly, the results of a recent GWAS docu- 
mented that some of the PC-risk SNPs show 
strong associations with serum PSA levels.°* 
Six SNPs in or near genes encoding telomerase 


reverse transcriptase (TERT; chromosome 
5p15.33, SNP rs2736098), B-microseminoprotein 
(MSMB; chromosome 10q11,  rs10993994), 


283 


284 


Helfand & Catalona 


fibroblast growth factor receptor 2 (FGFR2; chro- 
mosome 10q26, rs10788160), T-box transcription 
factor (TBX3; chromosome 12q24, rs11067228), 
hepatocyte nuclear factor 1B (HNF1B; chromo- 
some 17q12, rs4430796), and KLK3 (chromosome 
19q13.33, rs17632542) seem to influence levels of 
PSA expression. Four of these SNPs (called PSA- 
SNPs) were found to be independently associated 
with higher serum PSA concentrations.°* 

Gudmundsson and colleagues®** assessed 
whether the presence of the 4 PSA-SNPs could 
be used to genetically correct a man’s measured 
serum PSA in an Icelandic cohort. These geneti- 
cally corrected PSA values significantly improved 
the performance of PSA as a screening tool (area 
under the curve [AUC] 73.2%) compared with un- 
adjusted values (AUC 70.9%); these results have 
since been replicated in an independent patient 
population. 1?” 1?8 Similarly, a prior study from the 
Baltimore Longitudinal Study of Aging showed 
that the risk of finding PC on biopsy differed based 
on genotype for PSA-associated SNPs. ''° Finally, 
it was shown in a cohort of men of European 
ancestry without documented PC that genetic 
correction for the presence of the 4 PSA-SNPs 
could potentially result in an 18% to 22% reduc- 
tion in the number of potentially unnecessary bi- 
opsies (defined by those men whose measured 
serum PSA fell below a biopsy threshold after 
correction for the SNPs). In addition, genetic 
correction for the absence of the PSA-SMPs could 
result in a 3% reduction in potentially delayed bi- 
opsies, defined by those men whose measured 
serum PSA rose above a biopsy threshold after 
correction for the SNPs.''' When genetic correc- 
tion was applied to a cohort of African American 
men, the same PSA-SNPs yielded different re- 
sults: genetic correction prevented no unneces- 
sary biopsies, but could have been used to avoid 
delaying necessary biopsies in 30% of patients. '°° 
The racial differences in genetic correction are 
intriguing, as it is known that African American 
men are significantly more likely to be diagnosed 
with more advanced stage of disease and experi- 
ence 2- to 3-fold greater PC-specific mortality than 
men of European ancestry.°°°° Genetically cor- 
rected PSA levels in both European Americans 
and African Americans may allow physicians to 
more accurately gauge the risk of PC, and thus 
avoid delays in diagnosis and treatment. '°° 


USEFULNESS OF COMMON GENOMIC 
VARIATION IN IDENTIFYING AGGRESSIVE 
DISEASE 


An important issue in the PSA screening debate is 
that although PSA screening saves many lives, it 


also leads to the overtreatment of many indolent 
PC that would otherwise never harm patients.® 
As such, there is an urgent need to identify bio- 
markers that can help distinguish aggressive 
from indolent PC disease. Common genetic vari- 
ants could provide useful biomarkers. 

Although most common genetic variants identi- 
fied to date are associated with PC risk, most of 
these studies involved cases with low-risk or 
intermediate-risk, organ-confined tumors.*' Simi- 
larly, previous genetic studies that focused on 
PC aggressiveness have typically involved hetero- 
geneous definitions of aggressive disease, and 
have often relied on clinical (as opposed to the 
more accurate surgical) grading and staging of tu- 
mors.'*'~'*' As such, there is debate as to whether 
any of the approximately 80 SNPs’ associated 
with PC susceptibility are also associated with dis- 
ease aggressiveness. Most PC-risk variants iden- 
tified from GWAS have not been associated with 
higher Gleason grade or tumor stage,°°’©'42-145 
suggesting that they may largely influence the 
risk of detecting or developing PC, but not neces- 
sarily of having aggressive disease. Moreover, 
there is little evidence for an association between 
the total number of GWAS PC-risk alleles carried 
by an individual and the prognosis of PC.’° How- 
ever, this possibility is not excluded. Despite the 
lack of previous studies focusing on disease 
aggressiveness, there is accumulating evidence 
that some PC SNPs truly are associated with 
aggressiveness. 192-195:139-141,146-150 

The first studies to evaluate associations with 
PC aggressiveness were linkage analyses, and 
more than 10 different genome-wide linkage 
studies of aggressive PC have been re- 
ported. 146-151-153 The initial studies were focused 
on associations with higher Gleason scores, and 
implicated regions at 5q31-33, 7q32, and 19q12- 
13.11 as harboring aggressive PC loci. Further 
fine-mapping studies of the 7q32 linkage region 
suggested that genetic variants in the KLRG2 
(killer cell lectin-like receptor subfamily G member 
2) gene may be associated with Gleason score at 
diagnosis. Additional studies have also identified 
22q as a potential aggressiveness locus.’ '°4-15° 
To date, the largest linkage study for aggressive 
PC, performed by the ICPCG, identified loci 
on chromosomes 6p22.3, 119q14.1-14.3, and 
20p11.21-q11.21 as having an effect, with a 
more modest signal observed at 8q24.'°” 

In addition to linkage analysis, the candidate 
gene approach has also recently been used to 
interrogate genes that have been putatively asso- 
ciated with aggressive or advanced PC dis- 
ease. '°&1°5 For example, a recent study used a 
candidate gene approach to genotype variants 


within genes that have previously been associ- 
ated with various aspects of PC biology, such 
as inflammation, steroid-hormone production 
and metabolism, DNA repair, and vitamin D activ- 
ity.'*” The investigators interrogated almost 1000 
SNPs in more than 150 different genes, and 
found SNPs in 5 different genes (LEPR, RNASEL, 
IL4, CRY1, and ARVCF) that showed associa- 
tions with lethal PC. Now that these studies 
have implicated several interesting candidate 
genes, follow-up studies are necessary to vali- 
date these findings and to fully understand their 
contributions to inherited risk for more aggres- 
sive PC. 

Several GWAS have approached the question of 
PC aggressiveness. For example, Xu and col- 
leagues'*° and FitzGerald and colleagues'®° re- 
ported an SNP on chromosome 17p12 and 
another on 15q13 that were present at significantly 
greater frequencies in men with aggressive dis- 
ease. Similarly, Bensen and colleagues'°' re- 
ported that an SNP on chromosome 3p12 was 
associated with PC aggressiveness in European 
American but not African American men. More- 
over, the 8q24 region held 7 significant SNPs, of 
which 2 were associated with PC aggressiveness 
in African American but not European American 
men. Of the remaining 5 SNPs, 3 were associated 
with aggressiveness in African American men and 
2 in European American men. Ahn and col- 
leagues'*' performed an association analysis be- 
tween a panel of 12 SNPs and PC metastasis 
and biochemical recurrence using the Cancer Ge- 
netic Markers of Susceptibility (CGEMS) data- 
base. Their results suggest that rs10993994 
(chromosome 10q11; RR = 1.24), rs4242382 
(chromosome 8q24; RR = 1.40), and rs6983267 
(chromosome 8q24; RR = 0.67) were associated 
with metastatic PC. Similarly, Amin Al Olama and 
colleagues'** conducted a meta-analysis 
involving a relatively large cohort of men aimed 
at determining whether SNPs were associated 
with adverse pathologic features. These investiga- 
tors found a locus on chromosome 19 that was 
associated with aggressive disease, and another 
on chromosome 22 marginally associated with 
disease aggressiveness. 

Bensen and colleagues'®' also reported that 3 
SNPs in and around the KLK3 gene on chromo- 
some 19q13 were associated with PC aggressive- 
ness.°“ For this subgroup, patients with lower PSA 
levels had more aggressive disease and higher 
Gleason scores. Other associations between 
Gleason grade and SNPs within the KLK3 gene 
have been reported.”°:'°° The minor alleles of 
these SNPs were associated with lower PSA 
levels, suggesting that carriers are less likely to 
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be diagnosed at an early stage through PSA 
screening.®^ 1709-172 Lindstrom and colleagues!” 
reported that 2 SNPs located near KLK3 were 
associated with PSA levels and Gleason grade. 
Similarly, Gudmundsson and colleagues** found 
that the KLK3 association with PC was confined 
to cases diagnosed in the PSA era. Men with var- 
iants that increase PSA levels were more likely to 
undergo biopsy, but less likely to be diagnosed 
with PC and more likely to have early-stage dis- 
ease at a younger age. Conversely, men with var- 
iants that decrease serum PSA levels were less 
likely to undergo biopsy but, when finally biopsied, 
were more likely to have PC and more advanced 
disease at an older age. Thus, KLK3 variation 
might influence high-grade PC risk simply through 
its influence on PSA levels in a PC screening 
environment. 

There is some debate about whether any of the 
newly identified rare variants in the HOXB13 gene 
and on 8q24 are associated with adverse patho- 
logic features or clinical outcomes. One study sug- 
gested that HOXB13 gene mutations are 
associated with a higher Gleason score, as well 
as advanced stage of disease.!”^ Similarly, a 
recent study evaluating HOXB13 G84E mutation 
in more than 2440 hereditary PC families recruited 
by members of the ICPCG documented that more 
than one-third of HOXB13 mutation carriers had a 
Gleason score of 7 or more, and more than one- 
quarter of these had non-organ-confined disease 
at diagnosis (tumor stage >T3). The mean age at 
diagnosis of HOXB13 mutation carriers was 
younger (62.8 vs 64.4 years) than in more than 
6000 PC patients without the mutation (P = 
.04).'”° Another study reported similar results: car- 
riers of the mutation were diagnosed 1.26 years 
younger than noncarriers.®° Similar analyses of 
the rs188140481[A] variant on 8q24 also show a 
marginal association with aggressive phenotypes 
(OR = 1.30; P = .08) and younger age of PC diag- 
nosis (1.26 years).°° 

Thus, although it has become obvious that ge- 
netic factors influence overall PC susceptibility, 
the extent to which these genetic factors influence 
PC aggressiveness remains to be determined. To 
identify the true genetic variants associated with 
PC aggressiveness, studies enlisting appropriate 
patient cohorts (including large numbers of 
aggressive cases and large numbers of nonag- 
gressive cases and controls) and using consistent 
definitions of aggressive disease must be per- 
formed. The results of these studies have the po- 
tential to provide major benefits in terms of 
identifying the most appropriate candidates (ie, 
those at risk for developing life-threatening dis- 
ease) for PC screening. 
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USEFULNESS OF SOMATIC MARKERS IN 
SCREENING FOR AND DIAGNOSIS OF 
PROSTATE CANCER 


Tumorigenesis is characterized by a progression of 
changes at the cellular, genetic, and epigenetic 
level that ultimately reprogram a cell to undergo 
uncontrolled cell division. It is possible that germ- 
line DNA variations contribute to PC tumorigenesis 
by making cells more susceptible to genetic 
changes and mutations. The resultant genetic 
changes that occur within the tumor (ie, somatic- 
level mutations) can also be characterized and 
used as potential biomarkers that help improve 
PC staging and treatment. In fact, many different 
assays that take advantage of somatic changes 
within prostate tumors are now commercially avail- 
able (Table 2). For example, Myriad Genetics of- 
fers an assay (Prolaris) of prostate biopsy tissue 
that analyzes the expression of 31 different genes 
involved in cell-cycle proliferation as a way to 
examine for an increased likelihood of PC- 
specific mortality in men undergoing watchful wait- 
ing, as well as biochemical recurrence after radical 
surgery for PC.'’° Similarly, Genomic Health Inc 
offers Oncotype DX, Prostate, a test that deter- 
mines the expression of 17 different genes 
involved in androgen signaling, cell organization, 
and proliferation, to predict upgrading or upstaging 
at the time of radical prostatectomy. '’” While many 
of these novel clinical tests are still under investiga- 
tion, await validation, and are associated with pro- 
prietary information, they have potential to improve 
the diagnosis and management of PC. 

Another recurring theme in this review is that ad- 
vances in technology and decreases in cost have 
increased the ability to perform genetic 
sequencing studies and the potential to discover 
novel translocation events and mutations. As 
such, large efforts are currently being devoted to- 
ward studying the DNA landscape of PC tumors 
with particular emphasis on aggressive disease. 
As in many other human cancers, genomic alter- 
ations including mutations, insertions/deletions, 
translocations, inversions, gene fusions, and 
copy-number alterations (CNAs) have been identi- 
fied in PC tumors.'’® Some of these genetic alter- 
ations are common across different prostate 
tumor specimens and are thus speculated to 
play a crucial role in tumorigenesis and progres- 
sion. However, PC is considered to be a heteroge- 
neous disease and, as such, various combinations 
of somatic-level genomic alterations have been 
identified among different tumors or even within 
the same tumor. This genetic heterogeneity is 
considered to be a key obstacle to distinguishing 
aggressive from indolent forms of PC.179-180 


USEFULNESS OF DIFFERENCES IN TUMOR 
GENE EXPRESSION IN SCREENING FOR AND 
TREATMENT OF PROSTATE CANCER 


PSA exists in 2 forms, free (unbound) and bound to 
a1-antichymotripsin. The percentage of free PSA 
(%fPSA) tends to increase with benign prostatic 
hyperplasia in comparison with PC.'®' A lower % 
fPSA is associated with increased PC risk, and 
studies have suggested that measuring %fPSA 
or complexed PSA adds to the diagnostic accu- 
racy of PC.'®*:'®° Past studies have documented 
that a form of free PSA, called [-2] proenzyme 
PSA (p2PSA), is elevated in cancerous prostate 
tissue.184185 Beckman Coulter now offers a 
blood-based assay that takes advantage of 
p2PSA levels to aid in PC screening and treatment 
decisions. Specifically, Beckman Coulter has 
mathematically formulated a combination of the 
expression levels of total PSA, %fPSA, and 
p2PSA to calculate the Prostate Health Index 
(ohi).'®&-"8° Several large,  multi-institutional 
studies have demonstrated that the use of phi 
reduced the risk of unnecessary biopsies resulting 
from false-positive elevations in PSA, and was 
significantly better at identifying high-risk, poten- 
tially lethal prostate tumors, than the standard 
PSA test or the %fPSA alone. 190-192 

Prostate cancer gene 3 (PCA3; formerly 
referred to as DD3) is a noncoding RNA produced 
in the prostate.'°° It was shown to be overex- 
pressed in 95% of prostate tumors, with a median 
66-fold upregulation compared with adjacent 
noncancerous prostate tissue.'°* Given its high 
specificity and overexpression in PC tissue, a 
urine-based test was developed as a biomarker 
to aid in screening and detection (see Table 2). 
Testing for the biomarker involves collection of 
urine samples after a digital rectal examination is 
performed. Samples are centrifuged, and a 
PCAS3 score is determined by comparing the 
levels of PCA3 mRNA with PSA mRNA. 1°° Several 
studies have demonstrated that urinary PCA3 
levels are significantly correlated with the percent- 
age of men with biopsy-proven PC, and that it has 
reported sensitivities and specificities up to 76% 
and 90%, respectively.'°° Other research has 
suggested that PCA3 scores correlate with pros- 
tatectomy Gleason score and tumor vol- 
ume, '°°'°” although this is subject to debate. '°° 
However, this urine- based biomarker has the po- 
tential to add to current algorithms in identifying 
men who should be offered a repeat biopsy an- 
d/or who may harbor aggressive tumors. Of inter- 
est, several investigators are now evaluating 
whether PCA3 should be used in combination 
with other expression biomarkers such as phi or 


Table 2 
Several commercially available genetic assays based on somatic mutations within prostate cancer tumors 


Commercial 
Proposed Utility Test Name Company Sample Measures Web site 


Distinguish between Prolaris Myriad Genetics Prostate biopsy 31-gene expression panel http:/Awww.myriad.com/treating- 
aggressive and tissue involved in cell-cycle diseases/prostate-cancer/ 
nonaggressive progression 
prostate tumors Oncotype Dx Genomic Prostate biopsy 17-gene expression panel http://prostate-cancer. 

Prostate Health, Inc tissue involved in stromal response, oncotypedx.com/en-US/ 
androgen signaling, cell Professional/IntroducingGPS/ 
organization, and proliferation ValidationClinicalExperience. 

aspx 
http://prostate-cancer. 
oncotypedx.com/en-US/ 
Professional/Resources/ 
Bibliography 
ProstaVysion Bostwick Prostate biopsy ERG gene fusion/translocation, https://www. 

Laboratories tissue Loss of PTEN bostwicklaboratories.com/ 
services/laboratory-services/ 
urologic-pathology/ 
ProstaVysion.aspx 

Determine need for repeat Progensa PCA3 Gen-Probe Urine PCA3 gene expression http://www.gen-probe.com/ 
biopsy after a negative (Hologic) products-services/progensa- 
prostate biopsy pca3 

ConfirmMDx MDxHealth Prostate biopsy Methylation of GSTP1, APC, http:/www.mdxhealth.com/ 
tissue RASSF1 genes products-and-technology/ 
products/confirmmdx-for- 
prostate-cancer 
Prostate Core Mitomics Prostate biopsy Deletions of mitochondrial DNA http:/www.mitomicsinc.com/ 

Mitomic Test tissue prostate-core-mitomic-test/ 

Determine metastasis after Decipher Genome Dx Prostate tissue 22 gene multipathway expression http://www.genomedx.com/ 
radical prostatectomy Bioscience panel genomedxs-decipher-test-for- 

prostate-cancer-predicts-meta 
stasis-impacts-treatment- 
decisions/ 


Adapted from Refs 24,84,85,152,176,196,222—230 
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TMPRSS2:ERG fusion (see later discussion). Pre- 
liminary results suggest that PCA3 and phi are su- 
perior to the other evaluated parameters (eg, PSA) 
in diagnostic accuracy for PC at the initial or 
repeat prostate biopsy. '°°'°° Further prospective 
studies in larger populations are needed to 
confirm these results. 


USEFULNESS OF COPY-NUMBER 
ALTERATIONS IN SCREENING FOR AND 
TREATMENT OF PROSTATE CANCER 


CNAs are changes in the number of copies of 
specific regions of DNA that range in size from 1 
kilobase to a complete chromosome arm, and 
mainly involve copy-number losses (deletions) or 
gains (amplifications). Current GWAS and 
sequencing studies of PC have revealed that 
CNAs are a major component of the landscape 
of the PC tumor genome.'’? Among the most 
common CNAs are amplifications of genomic re- 
gions of the 8q24 locus containing the MYC onco- 
gene (20%-35%) as well as deletions of DNA 
sequences containing the tumor-suppressor 
genes, such as NKX3-7 (8p21; 35%-70%), 
PTEN (10q23.31; 10%-40%), CDKN1B 
(12p13.1; 5%-40%), RB1 (13q14.2; 25%-45%), 
and TP53 (17p13.1; 20%-30%).?°° Because 
many of these regions reside in proximity or 
appear to interact through functional enhancers 
with many of the germline PC-risk SNPs, it is 
possible that germline variation may exert its in- 
fluence by increasing susceptibility to somatic 
mutation. It is also noteworthy that the fre- 
quencies of many of these CNAs vary among 
different tumor samples, depending on the 
composition of cohorts, tumor grade, and degree 
of tumor-cell heterogeneity. For example, high- 
grade, metastatic prostate tumors typically 
contain more frequent CNAs than clinically local- 
ized PC.2°'.2°? In addition, some of the CNAs (eg, 
amplification of MYC or deletions of PTEN) have 
been associated with a worse clinical prog- 
nosis.2°°-°°” However, these results are inconsis- 
tent, which has limited their implementation into 
routine clinical practice. The reasons for these 
discrepancies may be related to facts such as 
chromosome gain or loss has not been consis- 
tently defined (eg, genetic deletion of the PTEN 
locus vs loss of protein expression), different out- 
comes are measured across studies (biochemical 
recurrence after local therapy vs PC-specific mor- 
tality in patients managed conservatively), and 
small numbers of patients are represented in 
each subgroup. However, taken together, future 
studies of CNAs may offer promise as a novel 
way to gauge PC aggressiveness. 


USEFULNESS OF GENE TRANSLOCATIONS IN 
SCREENING FOR AND TREATMENT OF 
PROSTATE CANCER 


Unlike many other solid tumors, PC contains a high 
frequency of gene fusions.*°° For example, it has 
been reported that the transmembrane protease, 
serine 2 v-ets erythroblastosis virus E26 oncogene 
homolog (avian) (TMPRSS2-ERG) translocation, is 
present in approximately half of all PC patients 
but is more common in men of European ancestry 
than in men of African ancestry.?°° To date, almost 
a dozen different gene fusions have been identified 
within PC tumors. In addition to TMPRSS2-ERG 
and other translocation events involving ETS family 
members, the solute carrier family 45 member 3-v- 
raf murine sarcoma viral oncogene homolog B1 
(SLC45A3-BRAF) and epithelial splicing regulatory 
protein-1-v-raf-1 murine leukemia viral oncogene 
homolog 1 (ESRP1-RAF7) gene fusions also have 
been frequently documented in PC tumors.?'°2"' 
However, the usefulness of these translocations in 
PC diagnosis and their impact on clinical outcome 
is controversial and still under investigation. For 
example, TMPRSS2-ERG has been implicated as 
both a negative and positive prognostic tumor 
marker.*'* However, in a large multi-institutional 
study it was shown that when TMPRSS-ERG levels 
are measured along with urinary PCAS levels, they 
can be used to help predict whether a man has a 
positive biopsy or aggressive cancer (eg, increased 
Gleason grade disease). '9°:?19 

Recent technologies have now identified more 
than 5000 somatic mutations in prostate tumors, 
including recurrent translocations involving the 
cell-adhesion molecule CADM2 or the PTEN- 
interacting protein MAGI2, in addition to recurrent 
mutations of the Speckle-type POZ Protein 
(SPOP).'’°:214215 For localized tumors, the 12 
most significantly mutated genes are SPOP, 
FOXA1, TP53, PTEN, CDKN1B, MED12, THSD7B, 
SCN11A, NIPA2, PIK3CA, ZNF595, and C14o0rf49. 
SPOP was the most commonly mutated gene in 
these tumors, with a frequency of 13%.?'4 Of inter- 
est, no tumors with SPOP mutations carried ETS 
family gene rearrangements, but did show associ- 
ations with deletions on chromosomes 5q21 and 
6q21. Based on these observations, it was pro- 
posed that SPOP mutations may define a distinct 
molecular subtype of PC.?'* It is possible that 
these mutations and genetic alterations will prove 
to be advantageous in the clinical management of 
PC patients. In fact, novel therapeutics that 
directly target many of these genetic alterations 
(ERG, mutated SPOP, and so forth) in PC are 
currently under investigation. Future studies 
involving larger samples sizes and cancers at 


various stages of progression will allow for better 
definition of the genetic alterations in PC and 
how these events might alter clinical algorithms. 


SUMMARY 


With advances in genotyping and sequencing 
technologies at a fraction of the cost, continued 
discovery of novel germline and somatic genetic 
markers associated with disease initiation, pro- 
gression, and response to treatment is anticipated 
in the future. Translation of these discoveries into 
routine clinical diagnostic tests and screening 
tools that provide personalized medicine should 
be possible. Ultimately prospective, large clinical 
trials involving multi-institutional collaborations 
will be required to validate the usefulness of these 
germline and somatic genetic markers in the man- 
agement of PC. In the meantime, continued ge- 
netic studies that identify novel genetic variations 
in all forms of PC are critical to advancing our 
knowledge of the genetic basis of the disease. 
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KEY POINTS 


e A 12-core systematic biopsy that incorporates apical and far-lateral cores in the template distribu- 
tion allows maximal cancer detection and avoidance of a repeat biopsy, while minimizing the detec- 


tion of insignificant prostate cancers. 


e End-fire and side-fire ultrasound probes, along with transrectal and transperineal approaches to 
prostate biopsy, have similar cancer detection rates and complications. 

e Magnetic resonance imaging—guided prostate biopsy has an evolving role in both initial and repeat 
prostate biopsy strategies, potentially improving sampling efficiency, increasing the detection of 
Clinically significant cancers, and reducing the detection of insignificant cancers. 

e Hematuria, hematospermia, and rectal bleeding are common complications of prostate needle 
biopsy, but are generally self-limiting and well tolerated. 

e Fluoroquinolones and cephalosporins remain the recommended prophylactic antibiotics, although 
the frequency of quinolone-resistant infections is increasing. 


OPTIMIZING PROSTATE BIOPSY IN CLINICAL 
PRACTICE: CORE NUMBER AND LOCATION 
Cancer Detection Rate 


Optimizing prostate cancer detection rates (CDRs) 
in clinical practice translates into defining the 
ideal number and location of biopsy cores to maxi- 
mize clinically significant cancer detection, mini- 
mize insignificant cancer detection, and reduce 
the necessity for repetitive rebiopsy. The recently 
published American Urological Association (AUA) 
recommendations on the optimal technique of pros- 
tate biopsy and specimen handling, ' along with an 
accompanying review article, recommended the 


use of an extended 12-core biopsy strategy, incor- 
porating far-lateral and apical samples, for initial 
prostate biopsy. Historically, comparison of CDR 
between sextant biopsy protocols and extended- 
core biopsy protocols (involving 10-12 cores) have 
demonstrated a trend of increasing CDR with 
greater core number (Table 1).° Although increasing 
the cores from 6 to 12 results in a significant in- 
crease in CDR, increasing the number of cores to 
18 or 21 (saturation biopsy) as an initial biopsy strat- 
egy does not appear to result in a similar increase.* 
de la Taille and colleagues” found in their cohort of 
303 patients that the CDRs using sextant, extended 
12-core, 18-core, and 21-core biopsy schemes 
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Table 1 
Cancer detection rates by number of prostate biopsy cores 


Cancer Detection Rate 


No. of Prostate Biopsy Cores 6 10-12 18 20-21 24 
Study 


Eskew et al, 1997 26.1% 40.3%? 

Naughton et al, 2000 26% 27% 

Presti et al, 2000 33.5% 39.7% 

Babaian et al, 2000 20% 30% — — 


Elabbady & Khedr, 2006 24.8% 36.4% — — — 


Gore et al, 2001 31% 43% — 
Philip et al, 2004 23% 32% — 
Shim et al, 2007 22% 28% — 
Scattoni et al, 2008 — 38.5% 39.9% 
de la Taille et al, 2003 22.7% 28.3% 30.7% 
Pepe & Aragona, 2007 — 39.8% 39.8% 
Jones et al, 2006 52% — 
Guichard et al, 2007 — 38.7% 41.5% 


Ploussard et al, 2012 32.5% 


a 13-Core extended-biopsy strategy. 
> 29-Core saturation-biopsy strategy. 
Data from Refs.2-°:19:123-132 


were 22.7%, 28.3%, 30.7%, and 31.3%, respec- 
tively. Diagnostic yield improved by 24.7% when 
the number of cores increased from 6 to 12, but 
only by 10.6% when the number of cores increased 
from 12 to 21. In their review of the diagnostic value 
of systematic prostate biopsies, Eichler and col- 
leagues® noted that taking more than 12 cores did 
not significantly improve cancer yield. 

With regard to core location, the AUA white pa- 
per highlights the need to sample both apical and 
far-lateral regions as these appear to increase 
CDR, but notes that transition-zone sampling 
does not improve prostate CDR at initial extended 
biopsy. In a study by Babaian and colleagues? 
evaluating an 11-core biopsy strategy in 362 pa- 
tients, the CDR was 34% among 85 men undergo- 
ing primary biopsy. Among 9 cancers identified 
uniquely at nonsextant sites, 7 were identified 
by anterior-horn (far-lateral) biopsies and 2 by 
transition-zone biopsies. Because the entire apex 
is composed of peripheral zone, biopsies per- 
formed at the apex or lateral apex might not sam- 
ple the anterior apex. Biopsy cores directed at the 
anterior apex exclusively contribute to cancer 
detection in 4% to 6% of men.’ Moreover, addi- 
tional extreme anterior apical cores (one on each 
side) have achieved the highest rate of unique 
cancer detection (P = .011).° Transition-zone bi- 
opsies, as part of an initial diagnostic strategy, 


40.4% = 


have generally demonstrated a low rate of exclu- 
sive cancer detection (2.9%),° although in some 
series CDR did improve with transition-zone sam- 
pling (P = .023).* 


Likelihood of Clinically Significant/ 
Insignificant Prostate Cancer 


Among the growing concerns of overdetec- 
tion of prostate cancer, a potential drawback of 
increasing core numbers at the time of initial biopsy 
is the increased likelihood of detecting insignificant 
prostate cancers. Few reports have shown a higher 
detection rate of clinically insignificant prostate 
cancer with extended-biopsy schemes in compar- 
ison with sextant,'° while most studies found no 
significant differences in the detection rate of insig- 
nificant cancers between sextant and extended- 
biopsy schemes.'' In a large database study 
(N = 4072), Meng and colleagues'' found that 
increasing the number of biopsy cores did not result 
in the identification of a disproportionate number of 
lower-risk tumors. However, increasing the number 
of cores beyond the extended-biopsy strategy 
does appear to increase the rate of indolent cancer 
detection. Haas and colleagues'* showed that an 
extended-biopsy 18-core strategy increased the 
detection rate of insignificant prostate cancers by 
22%. Far-lateral and apical-directed biopsy cores 


do not appear to increase the detection of insignif- 
icant cancers while the CDR of the transition-zone 
sample is already low.” 


Negative Predictive Value/Avoidance of 
Repeat Biopsy 


Sextant biopsies have false-negative rates of 15% 
to 34% based on CDR at the time of repeat biopsy 
and computer simulation.'*'* Levine and col- 
leagues"* first evaluated the use of a 12-core bi- 
opsy, using 2 consecutive sets of sextant biopsy 
in a single sitting, and demonstrated an increase 
in cancer detection to 31% overall, with only 
21% being detected on the first sextant alone. 
Other researchers have demonstrated that pros- 
tate CDRs on repeat biopsy vary as a function of 
the extent of the initial biopsy. '° If a prior negative 
biopsy used a sextant scheme, the CDR was 39% 
with a repeat extended biopsy, whereas if a prior 
negative biopsy used an extended scheme, the 
CDR of the repeat biopsy decreased to 21% to 
28%. Use of repeat saturation (20-24 cores) bi- 
opsy after initial saturation biopsy has been shown 
to have a CDR of 24%, similar to the CDR of 29% 
for biopsies following an initial sextant biopsy 
(P = .08).'° These investigators concluded that 
the false-negative rate for repeat prostate biopsies 
after an initial saturation biopsy is equivalent to 
that following traditional biopsy, and recommen- 
ded against saturation prostate biopsy for primary 
biopsy. 

Although it has been demonstrated that Tic 
cancers are present in the transition zone more 
frequently than T2 cancers, the yield of routine 
transition-zone biopsy remains low.™'®17 Because 
relatively few cancers are found uniquely in the 
transition zone, it is unlikely that repeat biopsies 
would be avoided by routine transition-zone sam- 
pling. No difference has been seen in the number 
of men requiring a repeat biopsy when evaluating 
the role of transition-zone sampling on initial and 
repeat biopsy.'’ Sampling the anterior apical pe- 
ripheral zone on repeat biopsy identified 36.0% 
with cancer exclusively in the anterior apical 
peripheral-zone cores. The CDR from the anterior 
apical peripheral-zone sites was significantly 
higher in the repeat biopsies than in the initial 
biopsies (P<.01), suggesting a predominance of 
missed cancers in this location.'® Apical cores 
and extreme anterior apical cores have been 
shown to increase unique cancer detection, and 
to minimize the potential for misdiagnosis and 
the need for repeat biopsy. Few studies have 
evaluated the negative predictive value (NPV) of 
far-lateral sampling of the prostate. However, 
lateral sampling appears to improve clinical NPV 
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because several cancers are identified only in the 
lateral sample. 


Pathologic Concordance Between Biopsy and 
Radical Prostatectomy 


Several studies have demonstrated that extended- 
biopsy schemes improve biopsy concordance with 
prostatectomy specimens. Concordance rates of 
prostate cancer grade, when an extended-biopsy 
scheme is used, are as high as 85%, compared 
with 50% with a sextant biopsy.'°*' Upgrading of 
the Gleason score has been shown to be signifi- 
cantly less likely with the extended scheme (17% 
vs 41% for the sextant scheme, P<.001).°° Simi- 
larly, 14% of the prostate cancers detected using 
extended-biopsy schemes have been shown to 
be undergraded, compared with 25% of cancers 
detected using sextant schemes (P = .01).2' The 
results of biopsy schemes involving saturation bi- 
opsies (>12 cores) appear to have a higher concor- 
dance rate with results from prostatectomy (69%) 
than a scheme involving fewer than 12 cores 
(47%, P = .05).?° 

Apical and laterally directed sampling im- 
proves the ability to predict pathologic features 
on prostatectomy, whereas the concordance of 
transition-zone biopsies with radical prostatec- 
tomy pathology is poor. In a study evaluating indi- 
vidually labeled, preoperative apical core biopsies 
and corresponding prostatectomy specimens, 
Rogatsch and colleagues** determined the posi- 
tive predictive value (PPV) for identifying the tumor 
location correctly was 71.1%, whereas the lack of 
cancer in the apical biopsy had an NPV of 75.5%. 
Cancer concordance of transition-zone biopsies 
and prostatectomy specimens range from approx- 
imately 20% to 40%.” The role of lateral sampling 
of the prostate was evaluated by Singh and col- 
leagues,*° who showed that laterally directed cores 
were independent predictors of pathologic fea- 
tures at prostatectomy. 


INFLUENCE OF BIOPSY TECHNIQUE 
Transrectal 


End-fire versus side-fire cancer detection rates 
At present, 2 different approaches are used for 
transrectal prostate sampling, including an end- 
fire or side-fire configuration of the biopsy probe 
(Fig. 1). Evidence from retrospective studies has 
initially suggested that an end-fire configuration re- 
sults in a greater prostate CDR than a side-fire 
configuration. In a study of 2674 patients, Ching 
and colleagues’? evaluated 2674 patients who un- 
derwent prostate biopsy and showed a prostate 
CDR for end-fire versus side-fire probes of 45.8% 
versus 38.5%. Similar results were shown by Paul 
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Fig. 1. End-fire (A) and side-fire (B) configurations of the transrectal ultrasound biopsy probe. (Courtesy of 


Analogic Co., Peabody, MA; with permission.) 


and colleagues? in a study of 2625 subjects 
(31.3% vs 21.5%). Ching and colleagues’® also 
found that the use of an end-fire probe on repeat bi- 
opsy significantly increased prostate cancer detec- 
tion (odds ratio [OR] 1.59, 95% confidence interval 
1.03-2.46). It has been hypothesized that improved 
cancer detection with the end-fire approach 
may be due, in part, to a better ability to sample 
the apex, lateral regions, and the anterior gland 
because of its needle angle. 

Although both of the aforementioned studies 
included large numbers of patients, they were retro- 
spective, and the number of cores and biopsy 
schemes were not standardized. To address this 
concern, Rom and colleagues?’ performed a pro- 
spective, randomized, multicenter study comparing 
prostate CDRs of end-fire and side-fire transrectal 
ultrasound (TRUS) probe configurations. The pros- 
tate CDR did not differ between the end-fire and 
side-fire probes (34.3% vs 34.4%, P = .972). 
Recently, Raber and colleagues? confirmed these 
findings in a study comparing end-fire and side- 
fire configurations in 1705 patients undergoing first 
biopsy and rebiopsy. No significant difference was 
found between the 2 probes in the first biopsy and 
rebiopsy sets (38% vs 36.5%, P = .55; 10.8% vs 
9.3%, P = .7). The side-fire transrectal probe has 
been associated with a better patient-tolerance 
profile.°°'*" 


Computerized templates for prostate biopsy 

Computerized templates offer a biopsy strategy 
with reliable sampling of the same locations in 
the prostate each time. Available platforms typi- 
cally convert 2-dimensional (2D) ultrasound data 
to a 3-dimensional (8D) model or image of the 


prostate. This technique takes into account the 
variability in prostate volume and shape, and al- 
lows reproducible sampling through accurate nee- 
dle placement, in a known and recorded location. 
Furthermore, in theory such a biopsy should allow 
better negative accuracy through reproducible 
spatial sampling of all essential areas of the gland. 
If an initial biopsy is negative for cancer, subse- 
quent biopsies can be arrayed in such a way as 
to sample different regions of the prostate, which 
could potentially reduce sampling error. Although 
such schemes do not increase cancer detection, 
they allow more reproducible sampling, which in- 
creases the PPV with regard to cancer location. 
This factor has potential value in monitoring or 
treatment planning. 

At present, 2 computerized biopsy systems are 
being studied for the purpose of systematic 
biopsy: TargetScan and Artemis. 3D transrectal 
prostate mapping with TargetScan performed 
with an endorectal ultrasound probe has been stud- 
ied in 2 series. In a retrospective multicenter review, 
a comparative analysis of 140 TargetScan biopsies 
and 23 associated prostatectomy specimens 
demonstrated pathologic concordance in 52%.°* 
In a single-institution study, a simulation on 20 
radical prostatectomy specimens showed that Tar- 
getScan biopsy correctly identified cancer in 16 
(80%) of the glands. This technique was reproduc- 
ible between different operators, as demonstrated 
by an 85% concordance of biopsy cores.°° 

Artemis is a 3D imaging and navigation system 
that converts 2D monochromatic ultrasound im- 
ages to an enhanced 3D color image allowing 
manipulation, planning, and management of the 
prostate biopsy process (Fig. 2). While capable 
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Fig. 2. Artemis 3-dimensional imaging and navigation system. (Courtesy of Eigen, Grass Valley, CA; with 


permission.) 


of performing a computer-directed template bi- 
opsy, as in the case of TargetScan, Artemis is 
distinct in that spatial-tracking of the arm provides 
exact recording of the location of the biopsy core, 
thus allowing the user to return to the previous 
biopsy site at a later setting if considering surveil- 
lance or rebiopsy. Natarajan and colleagues®* 
completed Artemis biopsy in 180 of 218 men. In 
the tracking study, they were able to return to the 
same needle position with a recorded error of 
1.2 mm + 1.1 mm. 


Magnetic Resonance Imaging-Guided 
Prostate Biopsy 


Whereas conventional biopsy has relied on 
improving sampling through increasing numbers 
of cores, an alternative approach is to reduce sam- 
pling error through localization. Recent improve- 
ments in multiparametric magnetic resonance 
imaging (MRI) have allowed accurate localization 
of prostate cancer.°°:°° Several investigators have 
evaluated the impact on cancer detection of pre- 
biopsy MRI followed by targeted biopsy. The use 
of MRI-targeted biopsy has been studied in the 
setting of previous negative biopsy,°’ men with no 


history of previous biopsy,°° and, most recently, 
those on active surveillance.°°.*° 

Among men undergoing repeat biopsy, 54% 
were found to have cancer only identified on the 
MRI-targeted cores. Cancers in this setting are 
most often found in the anterior prostate or 
apex.’ Among men presenting with no previous 
history of cancer, prebiopsy MRI seems to have 
the potential to stratify the risk of prostate cancer 
through the application of a suspicion score.*'“? 
In a study of 555 men, Haffner and colleagues*® 
demonstrated that MRI-targeted biopsy identified 
fewer cancers overall when compared with sys- 
tematic biopsy (236 of 302 vs 290 of 302), but 
detected a comparable number of clinically signif- 
icant cancers (236 of 249 vs 237 of 249). All can- 
cers detected by the MRI-targeted approach 
were deemed significant. In addition, more cancer 
was identified per core, suggesting the potential 
for more accurate risk stratification. Several sub- 
sequent studies have shown similar results“* sug- 
gesting a potential to use MRI not only to improve 
cancer detection but also to reduce overdetection 
of indolent disease. The ability to improve risk 
stratification through better sampling of cancer 
has also been suggested by several studies 
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evaluating the impact of MRI-targeted biopsy in 
active surveillance patients.*°-*’ 


REPEAT PROSTATE BIOPSY 
Indications 


High-grade intraepithelial neoplasia, atypical 
small acinar proliferation, and rising prostate- 
specific antigen 

There is no consensus regarding the need for 
repeat biopsy in men with previous negative sam- 
pling. Potential indications include abnormal his- 
tology, rising prostate-specific antigen (PSA), or 
persistence of an elevated PSA. Historically, men 
diagnosed with isolated high-grade intraepithelial 
neoplasia (HGPIN) were recommended to undergo 
immediate repeat biopsy given the high likelihood 
of concordant occult cancer; however, on the im- 
plementation of extended-core biopsy in clinical 
practice it was noted that the likelihood of can- 
cer detection on immediate repeat biopsy was 
small.“° The recent European Association of Urol- 
ogy (EAU), AUA, and National Comprehensive 
Cancer Network (NCCN) guidelines reported that 
the presence of HGPIN diagnosis no longer repre- 
sents an indication for immediate repeat biopsy.*° 
Epstein and Herawi°° have asserted that the risk of 
prostate cancer at repeat prostate biopsy after 
HGPIN diagnosis (22%) is similar to the risk of can- 
cer detection after an initial benign biopsy. In addi- 
tion, prospective trials have failed to demonstrate 
an association between the presence of HGPIN 
at initial prostate biopsy and subsequent prostate 
cancer at repeat prostate biopsy.°'°? However, 
studies by Benecchi and colleagues°° and Netto 
and Epstein°* have identified the presence of 
HGPIN as a risk factor in their analyses, and 
included HGPIN in their repeat prostate biopsy 
nomograms. 

The number of HGPIN foci appears to be 
an important prognosticator, and influences the 
suggested management protocols. For example, 
Godoy and colleagues®™® and Merrimen and col- 
leagues°° have found that isolated HGPIN does 
not warrant any further prostate biopsy. Similarly, 
data from the Cleveland Clinic have shown that 
on comparison of men with multifocal and isolated 
HGPIN on initial saturation biopsy, an 80% and 
0% likelihood of prostate cancer on repeat pros- 
tate biopsy was observed, respectively.°’ Taken 
together, these findings demonstrate that a single 
focus may have limited clinical significance, with 
minimally increased risk of the development 
of prostate cancer. Multifocal HGPIN, however, 
more than doubles the risk of subsequent cancer 
detection. The NCCN guidelines recommend that 
for patients with multifocal HGPIN (>2 cores) on 


an extended pattern biopsy, repeat biopsy be per- 
formed within the first year. 

Another critical predictor of cancer risk in men 
with isolated HGPIN is the interval to biopsy. 
Studies of serial delayed interval biopsy suggest 
that repeat biopsy can be performed at intervals 
longer than 1 year.*®°° The authors’ group has 
advocated serial prostate biopsy every 3 years 
based on early observation of prostate cancer in 
26% of men biopsied 3 years after initial diagnosis 
and subsequent demonstration of a similar persis- 
tent risk on 6-year biopsy.*® Among a large cohort 
of men with isolated HGPIN followed for 3 years as 
part of the placebo arm of a chemoprevention trial, 
cancer was demonstrated in 34.7% of men with 
serial biopsy performed each year.°° 

The natural history of atypical small acinar prolif- 
eration (ASAP) is less well defined than that of 
HGPIN; however, if ASAP is present in the initial 
biopsy specimen, the risk of diagnosing prostate 
cancer on subsequent biopsy is significantly 
increased. Unlike HGPIN, ASAP represents uncer- 
tainty regarding the diagnosis of cancer. Studies 
of repeat biopsy have shown a detection rate for 
prostatic adenocarcinoma as high as 55% after 
an initial diagnosis of ASAP°® and up to 58% 
when found in combination with HGPIN on initial 
biopsy.°° Regardless of PSA values, current rec- 
ommendations are to rebiopsy all patients with 
ASAP in their initial biopsy specimen within 3 to 
6 months. The typical technique of biopsy is focal 
saturation to the region of observed atypia. 

A rising PSA after a negative prostate biopsy 
may indicate undiagnosed cancer, and a persis- 
tently elevated PSA may draw concern of a missed 
occult cancer. A rising PSA after a negative 
prostate biopsy or a persistently elevated PSA 
may draw concern of a missed occult cancer. An 
important consideration is adequacy of the initial 
prostate biopsy, taking into account the number 
of cores taken and anatomic sites sampled, areas 
of undersampling, length of each core, and quality 
of the tissues sampled. Most studies of repeat 
prostate biopsy following extended initial biopsy 
indicate that up to 30% of patients have cancers 
that were not previously identified.°':°° A repeat bi- 
opsy strategy may include focal saturation, 
extended 21-core biopsy, saturation biopsy, or im- 
age guidance to improve the detection rate. 


Technique 


Focal saturation, 12-core biopsy, saturation 
biopsy 

When performing repeat biopsies, it is important to 
recognize that the region of the prostate poten- 
tially undersampled in a 12-core biopsy scheme 


is the anterior apex.’ The entire apex of the pros- 
tate is composed of peripheral zone and, although 
extended schemes do sample the apex and lateral 
apex, additional cores should be taken from the 
anterior apex on repeat biopsy. Similarly, repeat 
biopsy should include the transition zone, as sup- 
ported by the EAU guidelines.°° 

The precise labeling of the initial prostate loca- 
tions is important to direct rebiopsy in a more 
concentrated fashion into the region of the initial 
ASAP.°°:%* Allen and colleagues®* demonstrated 
earlier that the chance of detecting prostate cancer 
greatly increases by performing a rebiopsy not only 
of the atypical site but also of adjacent contralateral 
and adjacent ipsilateral areas. However, Scattoni 
and colleagues®° has more recently reported that 
a precise spatial concordance between ASAP 
and prostate cancer was present in only 33% of 
the cases, similar to the likelihood of finding pros- 
tate cancer in an adjacent or a nonadjacent site. 

Contemporary recommendations for the tech- 
nique of repeat prostate biopsy suggests that 
a repeated 10-core to 12-core extended-biopsy 
scheme remains the most frequently used tech- 
nique, with additional cores from suspected areas 
by modern imaging of the anterior and transition 
zone. In comparison with standard extended 
techniques (10-14 cores), repeat saturation bi- 
opsies (20-24 cores) increase the CDR (24.9% 
vs 32.7%, P = .0075).°° 


Transperineal saturation biopsy 

According to AUA and NCCN guidelines, a satura- 
tion prostate biopsy may be considered in men 
with a prior negative biopsy and persistent suspi- 
cion of prostate cancer. The transperineal biopsy 
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technique allows for improved sampling of the 
apex and anterior zones, which are common sites 
of cancer detection on repeat biopsy. In a series of 
92 consecutive men with at least 2 negative prior 
transrectal biopsies, most of the tumors detected 
on transperineal saturation biopsy were found in 
the anterior zone (83.3%).°° Transrectal and trans- 
perineal prostate saturation repeat biopsies have a 
similar CDR.°” 


MRI-targeted repeat prostate biopsy 
MRI-targeted repeat biopsy has the potential to 
reduce the sampling error of the initial biopsy 
through localization of disease (Fig. 3). In a recent 
meta-regression study comparing cancer detection 
on repeat prostate biopsy, Nelson and colleagues°® 
compared transperineal, ultrasound-guided trans- 
rectal saturation, and MRI-targeted biopsy whereby 
CDRs were 30.0%, 36.8%, and 37.6%, respec- 
tively. Meta-regression analysis showed that 
MRI-targeted biopsy had significantly higher can- 
cer detection than transperineal biopsy. However, 
there were no significant differences between me- 
dian Gleason scores among the 3 biopsy strategies. 
The investigators concluded that in the rebiopsy 
setting, it is unclear as to which strategy offers the 
highest CDR. However, MRI-targeted biopsies 
may potentially detect more prostate cancers than 
other modalities, and can achieve this with fewer bi- 
opsy cores. 


PAIN CONTROL 
Technique of Anesthesia 


Improvements in anesthesia techniques have 


allowed urologists to sample a greater number of 
cores, and from different locations in the gland, 


Fig. 3. Magnetic resonance imaging (MRI)-targeted repeat prostate biopsy after a negative 12-core template 
biopsy. MRI demonstrated a left anterior mid-to-apex transition-zone lesion that appeared to intimately involve 
anterior fibromuscular stroma (suspicion score 4/5) on T2-weighted imaging (A) and apparent diffusion coeffi- 
cient map (B). Targeted biopsy revealed Gleason score 3 + 4 = 7 prostate cancer in 2 of 2 cores, 20% to 70% 


of each core. 
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including the ability to perform a saturation biopsy 
procedure in an office setting.°* Both rectal and 
prostatic anesthesia may limit pain during the pro- 
cedure. Intrarectal local anesthesia has been 
used, as lubrication to reduce friction and protect 
the mucosa during instrumentation as well as to 
ease the discomfort on introduction of the ultra- 
sound probe. A variety of anesthetic agents have 
been used, including lidocaine, prilocaine, nifedi- 
pine, and dimethyl sulfoxide, in various combina- 
tions and with varied results. A periprostatic 
nerve block is commonly used in TRUS-guided bi- 
opsy whereby the optimal injection site seems to 
be localized in the angle between the prostate 
and the seminal vesicles, which can be easily iden- 
tified as a hypoechoic area on TRUS. A concentra- 
tion of 1% lidocaine, 5 mL per side, is sufficient to 
provide pain relief. Periprostatic nerve block is 
associated with significantly less pain during bi- 
opsy than is lidocaine gel or placebo,°° and is 
superior to intrarectal instillation of anesthetic 
cream.’° Extensive biopsy protocols may be 
comfortably performed in the office setting using 
local anesthesia with 22 mL 1% lidocaine injec- 
tion.”! Despite lack of a standardized dose or 
optimal technique, periprostatic anesthetic infiltra- 
tion should be considered the gold standard.’? 
Intraprostatic anesthesia has been provided in 
combination with periprostatic nerve block result- 
ing in improved pain control,’° but further studies 
are needed to delineate location, technique, and 
dosages. Historically the transperineal approach 
to prostate biopsy has been performed under gen- 
eral anesthesia, but recent studies have demon- 
strated that the combination of pudendal and 
periprostatic nerve block is well tolerated and im- 
proves pain reduction without the need for general 
anesthesia. ’* 


COMPLICATIONS 
Incidence of Prostate Biopsy Complications 


According to the AUA clinical guidelines on the 
incidence, prevention, and complications related 
to prostate needle biopsy, the most common uro- 
logic side effects of a prostate needle biopsy 
include hematuria, rectal bleeding, hematosper- 
mia, urinary tract infection, and acute urinary 
retention. ”®7® Erectile dysfunction and vasovagal 
response have also been noted to occur in pa- 
tients undergoing prostate biopsy (Table 2). 


Bleeding Complications 


Episodes of significant bleeding after prostate bi- 
opsy may occur in 1% to 4% of patients.’” Recent 
data suggest that hematuria is noted in 23% 
to 84%, rectal bleeding in 17% to 45%, and 


Table 2 
Incidence of prostate biopsy complications 


Incidence (%) 
23-84 


17-45 
12-93 


Complication 
Hematuria 
Rectal bleeding 
Hematospermia 


Urinary tract infection 2-6 
0.1-2.2 


Bacteremia 


Hospitalization 0.6-4.1 


Erectile dysfunction 2.2 
Urinary retention 1-7 
Vasovagal response 1.4-5.3 


Data from Refs 5,78-80,95,96,98,112,117,118,120-122 


hematospermia in 12% to 93% of men after pros- 
tate needle biopsy. However, relatively fewer men 
who underwent a biopsy perceived hematuria 
(6%), rectal bleeding (8%), and hematospermia 
as a major to moderate problem (27%).®78-80 


Prevention of prostate biopsy complications 
Current considerations for the prevention of 
bleeding complications after prostate biopsy 
include holding anticoagulation, including war- 
farin, aspirin, nonsteroidal anti-inflammatory drugs 
(NSAIDs), herbal supplements, and clopidogrel, for 
7 to 10 days before the biopsy when it is possible to 
do so. For those patients with underlying coagulop- 
athy or who are on warfarin, prostatic biopsy should 
not be performed until the international normalized 
ratio has been corrected to lower than 1.5. Several 
studies have evaluated the safety of maintaining 
anticoagulation during biopsy. Available data sug- 
gest that stopping aspirin may be unnecessary, 
as it does not increase the incidence or severity 
of bleeding complications.°'-®° However, aspirin 
may prolong the duration of self-limiting hematuria 
and rectal bleeding.®':°° Similar trends demon- 
strating no increased risk of bleeding have been 
noted in evaluating the safety of continuing warfarin 
during biopsy.®*:°° Taken together, the data sug- 
gest that aspirin may be continued during the pro- 
cedure if there is any concern about the safety 
of withholding it. Data on stopping warfarin and 
clopidogrel are limited, and the risks between car- 
diovascular or thromboembolic events when stop- 
ping anticoagulation must be weighed against the 
risk for bleeding and associated complications 
with continuation. © 


Influence of technique 

In a meta-analysis and review of prostate biopsy 
results, Shen and colleagues? found no signifi- 
cant differences in the incidence of major or minor 


complications between the transperineal and 
transrectal techniques. In prospective randomized 
study comparing transperineal with transrectal 
systematic 12-core biopsy, Hara and colleagues?’ 
found no differences in rectal bleeding, hematuria, 
or hematospermia between the two techniques. A 
major consideration is the potential to reduce 
infection by way of a transrectal approach, partic- 
ularly in view of the increasing rate of infection 
following biopsy noted in recent years.®° 


Management 

Severe rectal bleeding may be managed initially 
with bed rest, volume resuscitation, and transfu- 
sion. If the patient’s condition does not improve 
while under observation, options for management 
include digital compression, rectal tamponade 
with a tampon,°? inflated condom, or inflated Foley 
catheter balloon.°° Colonoscopy with injection of 
epinephrine and polidocanol or use of sclerothera- 
peutic agents, angiography with embolization," 
transrectal exploration, and suturing are alterna- 
tive means of stopping rectal bleeding.°* °° Hema- 
turia may be managed similarly with bed rest, 
volume resuscitation, and transfusion. Cystos- 
copy or anoscopy with coagulation of bleeding 
points may be used in more severe cases. 


Infectious Complications 


Most infectious complications after prostate bi- 
opsy are limited to symptomatic urinary tract infec- 
tion and low-grade febrile illness, which can be 
readily treated with oral or intravenous antibiotics; 
however, postbiopsy sepsis has emerged as a 
risk for this procedure. The incidence of infectious 
complications following prostate biopsy in large 
multi-institutional studies ranges from 0.1% to 
7%, depending on the antimicrobial prophylactic 
regimen used,8®9495 with approximately 30% to 
50% of these patients having accompanying 
bacteremia.°°°’ The risk of hospitalization for in- 
fectious complications in contemporary studies 
ranges from 0.6% to 4.1%.°° The reported inci- 
dence of urinary tract infection after prostate 
biopsy typically ranges between 2% and 6%.°° 
Bacteremia is frequently accompanied by severe 
sepsis, which has an overall incidence of 0.1% to 
2.2% following prostate biopsy.°° One recent study 
reported that among post-TRUS biopsy patients 
hospitalized with Escherichia coli bacteremia, 
25% had severe sepsis requiring admission to the 
intensive care unit.°° In terms of repeat prostate bi- 
opsy, Loeb and colleagues'°° demonstrated that a 
repeat biopsy session was not associated with a 
greater risk of infectious (OR 0.81, P = .39) or 
serious noninfectious urologic complications (OR 
0.94, P = .82) in comparison with the initial biopsy. 


Optimization of Prostate Biopsy 


Prevention 

According to the AUA Best Practice Statement, 
TRUS-guided prostate biopsy, performed through 
a grossly contaminated field, requires important 
preventive considerations. There is wide variation 
in the approach to the preparation of the rectum. 
Some studies found no benefit to either preproce- 
dural povidone-iodine®® or sodium biphosphate 
enemas.'°' However, another study found that a 
bisacodyl suppository rectal preparation the night 
before or on the morning of the procedure 
decreased infectious complications. 1°? 

The AUA Best Practice Policy Statement on 
Urologic Surgery Antimicrobial Prophylaxis rec- 
ommends a fluoroquinolone or first-/second-/ 
third-generation cephalosporin before biopsy. '°° 
At present, no conclusive data have been found 
to support the use of long-course (3 days) over 
short-course (1 day) fluoroquinolone regimens, 
or multiple-dose versus single-dose sched- 
ules.'°* Although antibiotic prophylaxis is largely 
effective in preventing infection, leading to a 
low incidence of sepsis, recently there have 
been an increase in the incidence of quinolone- 
resistant infection resulting from more frequent 
use of quinolones in the population overall, 
including at the time of transrectal prostate bi- 
opsy.'°° Prebiopsy screening with rectal swabs 
may allow identification of those men harboring 
antibiotic resistant organisms in their endogenous 
gastrointestinal flora prebiopsy, and for whom 
fluoroquinolone prophylaxis may not be appro- 
priate.°* This strategy has revealed a prevalence 
of about 22% of men harboring fluoroquinolone- 
resistant bacteria.°*'°° Taylor and colleagues '°” 
targeted specific antimicrobial prophylaxis based 
on rectal swab results. These investigators 
were able to show a nonsignificant reduction in 
post-prostate biopsy infections from 2.6% to 
0% (P = .12) and a potential cost saving per 
infectious complication averted. However, these 
methods have not been broadly used, and the 
determination of true benefit requires further pro- 
spective investigation. 

The need for routine urine culture before pros- 
tate biopsy is unclear; urine culture seems only 
to be useful in the decision to refrain from prostate 
biopsy when bacterial growth is evident.'°° The 
use of urinalysis or urine dipstick before prostate 
biopsy is widespread, even though there are no 
published studies to document its benefit. 


Technique 

In a prospective randomized study comparing 
transperineal and transrectal systematic 12-core 
prostate biopsy, Hara and colleagues?” found 
no differences in the rates sepsis or postbiopsy 
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fevers. Similarly, Miller and colleagues'°’ found 
similar rates of sepsis when comparing the two bi- 
opsy techniques. Shen and colleagues? deter- 
mined that there was no significant difference in 
the incidence of major or minor complications be- 
tween the transperineal and transrectal techniques 
in a large meta-analysis. 


Management 

At present, there are no published guidelines for 
the management of post-prostate biopsy infec- 
tions. However, in addition to patient-specific pro- 
phylactic regimens, consideration should be given 
to empiric followed by culture-driven antimicrobial 
therapy if a patient presents with postbiopsy 
sepsis. Previous studies have demonstrated that 
inappropriate empiric therapy for E coli blood- 
stream infections is associated with an increased 
risk of mortality.''° Broader-spectrum empiric 
antimicrobial coverage should be considered for 
post-prostate biopsy sepsis against that given 
for other causes of community-onset urosepsis, 
as prostate biopsy was actually a risk factor for 
bacteremia with multidrug-resistant E  coli.°° 
Other individual risk factors that should be 
considered when choosing appropriate empiric 
therapy include prior exposure to fluoroquino- 
lones. Initial therapy must cover E coli, the most 
common pathogen, as well as numerous other or- 
ganisms. Before treatment a urine culture, and 
blood cultures if the patient is febrile, should be 
obtained. 


Quality of Life 


Erectile dysfunction 

Recent data have suggested an association be- 
tween prostate biopsy, lower urinary tract symp- 
toms, and erectile dysfunction. In their randomized 
trial of 145 men, Klein and colleagues''' found 
that prostate biopsy may cause urinary symptoms 
and erectile dysfunction regardless of anesthesia 
or number of cores sampled, as shown by a 
decrease in IIEF-5 (International Index of Erectile 
Dysfunction) and an increase in IPSS (International 
Prostate Symptom Score) in their study. Erectile 
dysfunction was noted in 2.2% of men in a study 
be Akyol and Adayener,''” possibly attributable to 
nerve injury caused by the biopsy needle. However, 
in a study by Helfand and colleagues,''® cancer 
diagnosis appears to have an adverse effect on 
the erectile function of men undergoing prostate bi- 
opsy but no effect on lower urinary tract symptoms. 
Similarly, serial prostate biopsies appear to have an 
adverse effect on erectile function in men with pros- 
tate cancer on active surveillance, but do not affect 
lower urinary tract symptoms.''* Several other 
studies, however, have suggested the effects of 


the prostate needle biopsy are transient, with no sig- 
nificant differences in men with and without prostate 
cancer. '19116 


Urinary retention 

Urinary retention requiring temporary catheteriza- 
tion develops in up to 1% of men undergoing 
transrectal prostate biopsy.°°''7''® Men with 
enlarged glands and higher IPSS are more prone 
to develop postbiopsy retention.''® Data suggest 
that starting higher-risk patients on an a-blocker 
before prostate biopsy may prevent episodes of 
urinary retention.''? Higher rates of acute urinary 
retention have been noted in men undergoing 
transperineal prostate biopsy. 1°? 


Other 

Excessive anxiety and discomfort from the endor- 
ectal probe may produce a moderate or severe 
vasovagal response in 1.4% to 5.3% of pa- 
tients'*''°* and may require termination of the 
procedure. Placing the patient in the Trendelen- 
burg position and use of intravenous hydration 
usually resolve these symptoms, with further inter- 
vention as clinically indicated. 


SUMMARY 


A 12-core systematic biopsy that incorporates api- 
cal and far-lateral cores in the template distribution 
allows maximal cancer detection and avoidance of 
a repeat biopsy, while minimizing the detection of 
insignificant prostate cancers. MRI-targeted pros- 
tate biopsy has an evolving role in both initial 
and repeat prostate biopsy strategies, potentially 
improving sampling efficiency, increasing the 
detection of clinically significant cancers, and 
reducing the detection of insignificant cancers. He- 
maturia, hematospermia, and rectal bleeding are 
common complications of prostate needle biopsy, 
but are generally self-limiting and well tolerated. All 
men should receive antimicrobial prophylaxis 
before biopsy. Fluoroquinolones or cephalosporins 
remain the recommended prophylactic antibiotics, 
although the frequency of quinolone-resistant in- 
fections is increasing. 
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KEY POINTS 


Reliable imaging of prostate cancer within the organ has been elusive; however, over the past few 
years, use of multiparametric magnetic resonance imaging (MRI) has begun to allow visualization of 
many organ-confined prostate cancers. The new imaging modality and its offshoot, targeted 
biopsy, offer the promise of a major transformation in management of this disease. 

By aiming a biopsy needle at MRI regions of interest, a physician can now obtain tissue directly from 
suspicious lesions (ie, targeted prostate biopsy), rather than by blindly sampling the organ. 

Use of MRI images to guide prostate biopsy is accomplished by image fusion and may be per- 
formed in 1 of 3 ways: by direct in-bore MRI-MRI fusion; by cognitive fusion, using ultrasonography 
(US) guidance to sample suspicious areas on MRI; and by MRI-US fusion, using a device made for 
the purpose. 

MRI-US fusion devices, such as the Artemis (Eigen-Hitachi, Grass Valley, CA) or UroNav (Invivo- 
Philips, Gainesville, FL), allow the urologist to use sophisticated MRI images to guide prostate 
biopsy in an outpatient clinic setting; the procedure is contextually similar to that performed by 
most urologists for the past several decades. 

Targeted prostate biopsy, via MRI-US fusion, (1) allows diagnosis of serious tumors not found with 
conventional biopsy; (2) helps to avoid detection of insignificant tumors; (3) provides a method for 
repeat biopsy of specific tumor-bearing sites for men in active surveillance; and (4) creates an 
opportunity for study of focal therapy. 
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INTRODUCTION 


For nearly a century, digital rectal examination was 
the only tool available to aid in tissue sampling for 
diagnosis of prostate cancer (CaP).' With the 
advent of ultrasonography (US) in the 1980s, phy- 
sicians had a new modality for directing biopsy 
needles in real time. Originally developed by Sta- 
mey, the US-guided, transrectal sextant method 
became widely adopted.* Since that time, addi- 
tional samples are taken (usually totaling 12) and 
local anesthesia has been added, but otherwise 
the random, systematic procedure of the 1980s 
has remained largely unchanged. Saturation bi- 
opsy has been advocated but may increase detec- 
tion of insignificant cancers, and it typically 
requires general anesthesia. 

Thus, CaP is the only important solid malignancy 
diagnosed by blind biopsy of the organ (ie, without 
tumor visualization). Some 50% of cancers de- 
tected by this method may not be of clinical signif- 
icance.° In addition, systematic biopsies are poor 
at sampling lesions in the anterior, midline, and 
apex of the prostate. This situation can lead to un- 
derdiagnosis of important lesions in these regions. 
Further, almost one-third of currently detected 
cancers are reclassified from original biopsy Glea- 
son score to a higher score on final pathology.* 

Groundwork for a change in this schema was 
established with the observation that some CaP 
lesions could be visualized with magnetic reso- 
nance imaging (MRI).° As MRI usage became 
widely disseminated, and as the technology 
improved, the value of MRI to diagnose (and stage) 
CaP became increasingly apparent. The advent of 
MRI coincided with decreasing volume of CaP at 


diagnosis.° In an earlier time, when CaP usually 
presented as a palpable mass, US imaging could 
detect many lesions. Because of early prostate- 
specific antigen (PSA) screening, most newly diag- 
nosed CaP is nonpalpable, and US usually fails to 
visualize a lesion. Thus, use of MRI to identify sus- 
picious prostate lesions fills an important void, 
helping to identify regions of interest and enable 
targeted biopsy.’ 


ADVENT OF MRI FOR DIAGNOSIS OF CAP 


Among the first to show that CaP could be imaged 
by MRI was Hricak, in 1983.° Subsequent ad- 
vances in magnet strength and the availability of 
multiparametric studies have made MRI the imag- 
ing modality of choice for diagnosis of CaP (Fig. 1). 
The established parameters of multiparametric 
MRI (mp-MRI) are T2-weighted images (T2WI), 
dynamic contrast enhancement (DCE), and 
diffusion-weighted imaging (DWI). As the limita- 
tions of PSA testing to diagnose CaP have 
become increasingly apparent, the importance of 
a visual representation of the tumor has become 
compelling. Accurate imaging of CaP and the 
offshoot, targeted biopsy, contain the seeds for a 
major change in management of the disease. 


CURRENT USE OF MRI FOR DIAGNOSIS OF 
CAP 


Either pelvic phased array or endorectal coils 
(ERC) may be used when performing mp-MRI of 
the prostate. ERC may improve definition of the 
prostate capsule, but does not seem critical for 
characterization of intraprostatic lesions. Thus, 


Fig. 1. Prostate MRI c. 1983.° These were among the first published MRI images, obtained with a 0.35-T coil. In the 
transverse scan (A), the prostate (P) is enlarged and the Foley catheter (arrow) in the prostatic urethra is displaced 
posteriorly to the left by adenomatous tissue. Seminal vesicles are seen inferior to the bladder (s). In the sagittal 
scan (B), air (A) and urine (U) level can be seen in the bladder. At the time, magnet strength was not capable of 
showing zonal anatomy or small cancers. (From Hricak H, Williams RD, Spring DB, et al. Anatomy and pathology 
of the male pelvis by magnetic resonance imaging. AJR Am J Roentgenol 1983;141(6):1107; with permission.) 


because of patient discomfort and increased pro- 
cedure time, the endorectal approach is not 
routinely used for diagnostic purposes. Likewise, 
to identify regions of interest and guide biopsy, 
spectroscopy adds little and is not generally 
used. Three-Tesla magnets provide higher 
signal-to-noise ratios and shorter acquisition times 
than 1.5 T; both have been used successfully to 
define cancer within the prostate.® 


MP-MRI 


mp-MRI incorporates several different imaging 
modalities: T2WI, DWI, and DCE to best assess 
potential lesions in the prostate. Fig. 2 shows an 
example of CaP visualized in all 3 modalities. 
T2WI produces an anatomic image based on the 
transverse relaxation time after magnetically align- 
ing a tissue to an external magnetic field. T2WI 
provides the best tissue contrast for the detection, 
localization, and staging of CaP, which has shorter 
T2 than normal tissue. However, other processes 
such as inflammation and prostatic hyperplasia 


MRI-US Fusion Biopsy of Prostate 


can also shorten T2, and additional parameters 
are necessary to increase the specificity of T2WI. 

DWI provides a measure of the Brownian motion 
of water molecules and is an essential component 
of mp-MRI. At body temperature, the mobility of 
water is primarily dependent on the molecular 
environment such as cell size and microstructure. 
DWI is a good indicator for CaP, because free 
motion of water is generally restricted within 
cancerous tissue. The slope of change of the 
received signal, based on the degree of diffusion 
weighting, is called the apparent diffusion coeffi- 
cient (ADC) and creates quantitative maps of mo- 
lecular mobility. By measuring the hydrodynamic 
environment of tissue using DWI, the specificity 
of CaP detection is improved compared with 
T2WI alone.? In creating the University of California 
at San Francisco (UCLA) score for MRI suspicion, 
DWI is doubly weighted, as discussed later. 

DCE uses T1-shortening contrast to evaluate tu- 
mor vascularity!’ and adds value to diagnosis of 
suspicious lesions.'' For this method, rapidly 
repeated imaging is performed during the dynamic 


Fig. 2. CaP visualized by mp-MRI. Arrows point to lesion. (A) T2WI, (B) DWI, (C) DCE, (D) whole mount specimen 
obtained by radical prostatectomy, showing cancer. (From Natarajan S, Marks LS, Margolis DJ, et al. Clinical appli- 
cation of a 3D ultrasound-guided prostate biopsy system. Urol Oncol 2011;29(3):336; with permission.) 
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administration of intravenous contrast. Increased 
microvascular density and breakdown of capillary 
walls within tumors can lead to increased contrast 
arrival (washin) and dispersion (washout). 
MRI-identified regions of interest are scored to 
help determine the likelinood of cancer in that 
area. Different scoring systems have been pro- 
posed, but all rely on the 3 parameters outlined 
earlier. The UCLA scoring system is shown in 
Table 1. Image score is determined by assigning 
an image-grade number (left column) to each 
parameter; ADC value is assigned double weight- 
ing. For example, if a region of interest was moder- 
ately dark on T2WI (ie, a grade 3), had an ADC 
value of 0.7 mm?/s (ie, a grade 4), and had a 
DCE showing moderately abnormal enhancement 
(ie, a grade 3), the overall score would be (3 + 8 + 
3)/4 = 3.5. The score is rounded up if the region of 
interest is in the peripheral zone, in this case giving 


Table 1 

UCLA scoring system for assigning level of 
suspicion to regions of interest found in the 
prostate on mp-MRI*” 


Image ADC 
Grade T2WI (mm2/s) DCE 


>1.2 x 
10-3 

Faint 1.0-1.2 x Mildly 
decreased 10°? abnormal 
signal enhancement 

Moderately 0.8-1.0 x Moderately 
dark 10-3 abnormal 
nodule enhancement 


Intensely 0.6-0.8 x Highly 
dark 10-3 abnormal 
nodule enhancement 
Dark nodule <0.6 x 
with mass 10-2 
effect 


1 Normal Normal 


Profoundly 
abnormal 
enhancement 


a The higher the score, the greater the level of suspicion. 
Regions of interest with scores of 1 and 2 are no more 
likely to contain cancer than normal tissue and are not 
usually targeted. A score of 5 indicates cancer in most 
cases. 

> Although both the ESUR PI-RADS and UCLA reporting 
systems are standardized, there are two main differences: 
(1) ESUR PI-RADS uses qualitative evaluation of diffusion 
imaging, whereas the UCLA system uses the quantitative 
ADC based on a series of cases all using the same scanner 
platform and pulse sequence parameters, and (2) ESUR PI- 
RADS weights the T2 appearance, diffusion, and perfu- 
sion equally, whereas the UCLA reporting system weights 
diffusion twice as much as the other two. 

From Sonn GA, Natarajan S, Margolis DJ, et al. Targeted 
biopsy in the detection of prostate cancer using an office 
based magnetic resonance ultrasound fusion device. J 
Urol 2013;189(1):87; with permission. 


it a score of 4, and rounded down if the region is in 
the transition zone, in this case giving it a score of 
3. The higher the score, the more likely cancer is 
present in the region of interest.'° The PI-RADS 
(Prostate Imaging Reporting and Data System) 
scoring system, which is similar to the UCLA 
scoring system, has recently been proposed as 
an industry standard.® 


IMAGE FUSION 


Image fusion is the process of combining informa- 
tion from 2 or more images into a single image 
(Fig. 3), with the intent that the resulting image pro- 
vides more information than any input image 
alone. Image fusion, as an aid to prostate biopsy 
targeting, refers to the superimposition of prostatic 
images (stored MRI images and real-time US im- 
ages) to create a three-dimensional (8D) recon- 
struction, on which biopsy work is performed. 
The fused image result gives the operator the 
tumor-detecting value of MRI with the ease of 
use of US. Fusion devices (Table 2) allow the oper- 
ator to electronically bring MRI to the US biopsy 
suite, to fuse MRI and US images into a 3D recon- 
struction, and under real-time US guidance, to aim 
the biopsy needle at suspicious regions of interest 
seen on MRI. Performance of the biopsy is opera- 
tionally similar to that performed by urologists for 
several decades. 


METHODS OF MRI-GUIDED BIOPSY 


Three methods of MRI fusion for targeting prostate 
biopsy are used: direct in-bore fusion, cognitive 
fusion, or device fusion. 

Direct MRI-guided biopsy occurs within an MRI 
tube (in-bore), wherein the operator compares a 
previously obtained MRI scan with one just ac- 
quired to guide the biopsy needle. An ERC and 
the prone position are used for this method of tar- 
geted biopsy (Fig. 4). A repeat scan is taken after 
needle insertion to confirm localization. In-bore 
fusion relies on an MRI scan before, during, and 
after a biopsy, which is performed in the tube itself. 
In-bore biopsies are usually obtained only from the 
region of interest seen on MRI. Systematic biopsies 
are usually not performed because of the extra time 
in-bore needed to obtain the additional cores. 
Because systematic biopsies are not performed, 
small, insignificant cancers are found less often 
than when the entire gland is sampled.'* However, 
several significant cancers may be outside the tar- 
gets, leading to a concern of missing some cancers 
when only the MRI target is sampled. '* 

Cognitive fusion relies on a US operator’s ability 
to guide a biopsy needle based on an impression 
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Fig. 3. Process of MRI-US fusion. MR and TRUS images are outlined or segmented (1) and then rigidly aligned (2). 
Fusion then proceeds involving a surface registration (3), and elastic (nonrigid) interpolation (4). The registered, 
or superimposed, images are produced on a monitor, where targeted biopsy is performed. The target is derived 
from the MRI; the biopsy aiming is via real-time US. (From Natarajan S, Marks LS, Margolis DJ, et al. Clinical appli- 
cation of a 3D ultrasound-guided prostate biopsy system. Urol Oncol 2011;29(3):338; with permission.) 


gleaned from a two-dimensional (2D) MRI image. 
Cognitive fusion requires an experienced ultraso- 
nographer, but otherwise is a relatively fast proce- 
dure and requires no special training or 
instrumentation. However, cognitive fusion does 
not permit quantification of targeting accuracy and 
is subject to interpretation of the anatomy by the 
operator. In a recent study from Europe, '* the tumor 
detection rate of cognitive fusion was similar to that 
obtained by device fusion, and both were better 
than blind, systematic sampling. The use of cogni- 
tive fusion in biopsy site tracking, as for men under- 
going active surveillance, has not been evaluated. 

Device fusion uses a 3D rendering apparatus, 
which allows a previously acquired MRI scan to 
be superimposed on real-time US images, form- 
ing a digital reconstruction on a computer 
monitor. This digital overlay of an MRI image 
onto US allows the operator to obtain both sys- 
tematic and targeted biopsies; in addition, biopsy 
sites are recorded for later repeat targeting, if 
necessary, as during active surveillance. An on- 
line video explaining the procedure and rationale 


behind targeted prostate biopsy using MRI-US 
fusion has been made available (YouTube: 
UCLA Biopsy). Five fusion devices have been 
approved by the US Food and Drug Administra- 
tion (FDA) (see Table 2). 


MRI-US FUSION DEVICES 


Image fusion for prostate biopsy (MRI-US) was 
first described in 2002 by radiation therapists, 
who used it to obtain tissue from 2 men with 
increasing PSA levels after treatment of CaP.'° 
However, it was the work of Bax and colleagues '° 
at Robarts Research Institute in Canada and that 
from the National Cancer Institute (NCI)-Philips 
collaboration at the National Institutes of Health'’ 
that gave rise to the commercial devices now 
available. Five instruments are approved by the 
FDA (see Table 2). This discussion focuses on 
Artemis (Eigen/Hitachi, Grass Valley, CA) and Uro- 
Nav (Invivo/Philips, Gainesville, FL), which have 
been extensively studied and are manufactured 
in the United States. 
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Table 2 
MRI-US fusion devices approved by the FDA 


Manufacturer/ US Image 


Trade Name Acquisition Biopsy Route 


Philips/UroNav Manual US sweep Transrectal 
from base to 
apex 


External magnetic 2005 


Year of 


Tracking FDA 
Mechanism 


Approval Comments 


Prospective targeting, 
integrated with 
existing US device, 
freehand 


field generator 


manipulation 


Eigen/Artemis Manual rotation Transrectal 
along fixed 
axis 

Automatic US 
probe rotation 


Koelis/ Transrectal 


Urostation 


Mechanical arm 


Real-time 


2008 Prospective targeting, 
stabilized TRUS 


probe 
Retrospective 

targeting, 

real-time elastic 


with encoders 


2010 
TRUS-TRUS 
registration 


ee ç registration” 


Hitachi/HI-RVS Real-time 
(real-time biplanar TRUS 
virtual 
sonography) 

BioJet/Jetsoft/ Manual US sweep Transrectal or 
GeoScan in sagittal transperineal 


Transrectal or 
transperineal 


External magnetic 2010 


Mechanical arm 


Prospective targeting, 
integrated with 
existing US device 


field generator 


2012 Prospective targeting, 


with encoders; rigid registration 


uses stepper 


Abbreviations: FDA, US Food and Drug Administration; TRUS, transrectal US. 
From Marks L, Young S, Natarajan S. MRI-ultrasound fusion for guidance of targeted prostate biopsy. Curr Opin Urol 


2013;23(1):45; with permission. 


Allimage fusion devices for targeted prostate bi- 
opsy are combinations of hardware and software 
to permit the acquisition, storage, and reconstruc- 
tion of real-time US images. All use a tracking 
mechanism, a video processor, and a computer 
with monitor. Stored MR images are thus fused 


Fig. 4. In-bore MRI-guided biopsy is performed prone; 
the patient undergoes diagnostic MRI before biopsy; 
the images are then processed and delineated; the pa- 
tient subsequently returns to the MRI facility for pro- 
cedure, which involves fusing the diagnostic MRI with 
the second MRI used to guide biopsy. (Courtesy of In- 
vivo, Gainesville, FL; with permission.) 


or superimposed on real-time US images, allowing 
users to target-biopsy regions of interest identified 
on the MRI. In addition, 3D maps of lesion loca- 
tions and biopsy sites are created and stored for 
future use. Movement of the patient, or movement 
of the prostate within the patient, affects the image 
registration; on-the-fly repeat registration is pro- 
vided by motion-compensation software. 

The Invivo/UroNav system was developed un- 
der a collaborative agreement between Philips, 
the parent of Invivo, and the NCI, beginning in 
2006. UroNav is a modification of the PercuNav, 
introduced by Philips as a GPS for medical instru- 
ments a few years earlier. Tracking is performed 
within an electromagnetic field, created over the 
patient by a small generator. In 2008, Xu and col- 
leagues'® described the initial evaluation of a Ur- 
oNav prototype, which was found to be accurate 
in phantom studies and in 20 patients. Since that 
time, more than 1000 men have undergone tar- 
geted prostate biopsy at the NCI with the UroNav 
device or precursor devices. In 1 recent study 
from that group, more than 80% of men with 
highly suspicious MRI lesions were found to 
have CaP when fusion biopsy was performed us- 
ing the UroNav.'’ The UroNav system is shown in 
Fig. 5. 
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Fig. 5. UroNav fusion device. Originally developed in a collaboration between Philips and the NCI, the UroNav 
system uses an external magnetic field generator (A) for tracking the position of a biopsy needle in 3D space, 


which is recorded at an imaging terminal (B). 


The Artemis device was approved by the FDA in 
April, 2008 and has been studied since early 2009 
at UCLA.'® The current model of the device is 
shown in Fig. 6. A developmental agreement be- 
tween Eigen and the Hitachi Corporation was es- 
tablished in 2013. The Artemis device uses a 
mechanical arm for both transrectal US (TRUS) 
scanning and biopsy needle placement. The probe 
position is tracked by angle-sensing devices (en- 
coders) within each arm joint.'° Function of the en- 
coders is shown in Fig. 7. 

A summary of fusion biopsies performed with 
the Artemis device at UCLA Clark Urology Center 
is provided in Table 3. In the period March, 2010 
to January, 2013, 501 men underwent fusion bi- 
opsy, involving nearly 8000 individual biopsy cores 
(5645 systematic and 2336 targeted).'*'9°° Tar- 
geted cores were more likely to contain cancer 
than systematic cores (18% vs 8%), and most 
cancers found in targeted cores were significant 
ones (defined as Gleason score >6 or cancer 
length >4 mm).2' Fusion biopsy in the clinic is per- 
formed under local anesthesia and is a 15-minute 
to 20-minute outpatient procedure. Antibiotic pro- 
phylaxis with a quinolone and a third-generation 
cephalosporin is used; with this regimen, among 
the 501 patients, only 2 episodes of sepsis have 
been encountered. Advantages of targeted biopsy 
are discussed later. 


Monitor 


Counterbalance, 


Fig. 6. Artemis fusion device. Originally developed at 
Robarts Research Institute in Canada, the Artemis de- 
vice gained FDA approval in 2008. It is manufactured 
by Eigen. The Artemis device uses a mechanical arm 
with built-in encoders to track biopsy location. During 
a transrectal US scan, 2D images are digitized with a 
frame grabber and reconstructed into a 3D image. A 
model of the prostate is then generated from the 
3D image; biopsy, tracking of the biopsy site, and 
MRI fusion are then performed on the reconstructed 
model. (Courtesy of Eigen, Grass Valley, CA; with 
permission.) 
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Fig. 7. Tracking arm encoders. (A) Prototype created at Robarts Research Institute. (B) Working model in current 
use. Arrows denote location of the 3 encoders. As the TRUS transducer and cradle are moved, encoders (arrows) 
in the tracking mechanism measure the angles between linkages, and software calculates the transducer tip po- 
sition and orientation in real time. (From Bax J, Cool D, Gardi L, et al. Mechanically assisted 3D ultrasound guided 
prostate biopsy system. Med Phys 2008;35(12):5399; with permission.) 


VALUE OF TARGETED BIOPSY 


Targeted prostate biopsy via MRI-US fusion has 
proved particularly valuable in 2 clinical settings. 


Previous Negative Biopsy 


As seen in Table 3, many men seeking targeted 
prostate biopsy are men who have undergone pre- 
vious conventional biopsy, which fails to disclose a 
cancer. Typically, serum PSA levels continue to 
increase, and anxiety brings such men to look for 
alternatives. In a recent report detailing experience 
with this group of men,?° we found that approxi- 
mately one-third of the group (36/105) harbored 
CaP not detected by previous conventional biopsy 
(Fig. 8). Most were significant cancers, as defined 
earlier. Some men had as many as 6 to 8 previous 
negative biopsies performed conventionally over 
the decade before their fusion biopsy. One had 
previously undergone 2 negative sets of saturation 
biopsies, before an anterior cancer was disclosed 
by MRI and diagnosed by targeted biopsy (images 
in the patient example below, Fig. 9). 

Fig. 8 also shows the importance of obtaining 
both systematic and targeted biopsies. Significant 
cancer was diagnosed in 21 men by targeted 


Table 3 


biopsy alone. However, another 5 men with signif- 
icant cancer (total 26) were diagnosed only by sys- 
tematic biopsy and not by targeted biopsy. Thus, 5 
significant cancers were found in areas of the pros- 
tate that appeared normal on MRI (ie the MRI was 
falsely negative in these areas). An explanation for 
false-negative MR images is not yet clear, but 
others have made similar observations.2? An 
observation from several years of Artemis experi- 
ence is that the biopsy map built into the Artemis 
software seems to provide better systematic 
spacing of the cores than US guidance alone. 

Conventional TRUS biopsies may fail to detect 
CaP, especially when the tumor is located at the 
apical and anterior aspects of the prostate.*°:*4 
When MRI shows a lesion in one of these areas, 
targeted biopsy may be performed as usual. Satu- 
ration biopsy, regarded by many as a gold stan- 
dard, increases the detection rate but also 
increases the numbers of insignificant cancers 
found.”° Targeted biopsy may reduce the risk of 
delayed diagnosis for patients with significant can- 
cer and provide increased reassurance to men 
whose targeted biopsy is negative. 

If focal therapy becomes a treatment option, 
MRI-US fusion may become the method of choice 


Summary of MRI targeted biopsy at UCLA (March, 2010—January, 2013) 


Patient Characteristics All 


Number of patients 501 


Active 
Surveillance 


Previous Negative 
Biopsy 


229 150 122 


Biopsy 
Naive 


Median age (y) 65 65 65 65 
Median PSA (ng/mL) 5.7 4.4 7.9 6 


Median prostate volume (mL) 49 
Number with cancer (n) (%) 221 (52) 
Number with Gleason >7 (n) (%) 135 (27) 


46 58 47 
148 (65) 51 (34) 64 (52) 
62 (27) 31 (21) 42 (34) 
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Fig. 8. Biopsy results for patients with 

previous negative systematic biopsies. 

26 This chart shows the number of patients 
diagnosed with significant cancers (dark 
gray) and insignificant cancers (light 
gray), depending on biopsy method. Clin- 
ically significant cancer was defined as 
Gleason greater than 6 or greater than 
4 mm maximal core length.” Targeted 
biopsy detected more significant cancers 
and fewer insignificant cancers than 
systematic biopsy. Fifteen patients were 
diagnosed only by systematic biopsy (ie, 
cancer was present in areas in which the 
MRI showed no abnormality). The false- 
negative rate of MRI is not yet known. 
(From Sonn GA, Chang E, Natarajan S, 
et al. Value of targeted prostate biopsy us- 
Systematic only Targeted only Combination ing magnetic resonance-ultrasound fusion 
(n=28) (n=23) (n=36) in men with prior negative biopsy and 
elevated prostate-specific antigen. Eur 

Urol 2014;65(4):809-15; with permission.) 
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Fig. 9. A patient with 2 previous negative biopsies was found to have a suspicious region on MRI (image score = 5) 
and underwent targeted confirmatory biopsy via MRI-US fusion. Gleason 3 + 4 = 7 CaP was found in the anterior 
target. (A) T2-weighted MRI, (B) colorized ADC MRI, (©) US showing prostate contour with areas of suspicion 
outlined (large grade 5 target, arrow), (D) 3D reconstructed model of prostate showing targets and biopsy cores 
(tan lines). Arrows point to region of interest. 
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for patient selection.*° In previous studies, peri- 
neal template mapping biopsies have been used. 
However, perineal mapping biopsies are more 
invasive, expensive, time-consuming, and morbid 
than fusion biopsy.” 


PATIENT EXAMPLE: PREVIOUS NEGATIVE 
BIOPSY 


A 70-year-old white man presented with a PSA 
value of 8.7 ng/mL, a prostate volume of 
38.5 mL, and history of 2 previous negative 
conventional biopsies over the past 5 years (see 
Fig. 9). MRI showed a highly suspicious lesion at 
the anterior central midgland (MRI score of 5). 
Fusion biopsy using the Artemis device showed 
3 cancerous cores from the lesion (see Fig. 9), 
including one in which the cancer occupied a 
length of 11 mm. Gleason score was 4 + 3 = 7. 
All systematic cores were negative for cancer. 
The patient underwent robotic-assisted radical 


prostatectomy; a dominant tumor nodule of 
1.9 cm was found in the anterior prostate; final pa- 
thology showed Gleason 4 + 3 = 7 CaP. 


ACTIVE SURVEILLANCE 


A second important use for targeted prostate bi- 
opsy is in men undergoing active surveillance for 
presumed low-risk CaP. This management modal- 
ity continues to be underused, at least in part 
because of the uncertainties of conventional bi- 
opsy.?® MRI-US fusion biopsy provides a degree 
of reassurance beyond that provided by conven- 
tional biopsy. Further, confirmatory biopsy via 
MRI-US fusion, performed after conventional bi- 
opsy had indicated a low-risk lesion, has allowed 
exclusion of men who would be more appropri- 
ately managed with active intervention. An 
example of such a case is discussed later. 
Although active surveillance of CaP has proved 
to be safe for low-risk patients,°° participation in 


Fig. 10. mp-MRI (A, B) and Artemis images (C, D) of prostate from 64-year-old white man, who was enrolled in 
active surveillance from a microfocal lesion on conventional biopsy. (A) T2WI. (B) DWI. (C) The lesion outlined in 
red, superimposed on the US image of the prostate (green circle). (D) The lesion after MRI-US fusion; green dots 
are sites for systematic biopsy. Cancer was found only on targeted, but not systematic biopsies. Defining tumor 
burden in men with apparent low-risk CaP is an important use of targeted biopsy. Arrows point to region of 


interest. 


such programs remains low,°° with most recently 
diagnosed men electing active treatment at the 
outset.°' Targeted prostate biopsy may improve 
patient selection for active surveillance by more 
accurately identifying those at lower risk. In addi- 
tion, the ability to accurately return to a previous 
biopsy site makes fusion biopsy an ideal modality 
for active surveillance follow-up. 


PATIENT EXAMPLE: ACTIVE SURVEILLANCE 


A 64-year-old white man presented with a serum 
PSA level of 14.4 ng/mL and a prostate volume 
of 55.2 mL (Fig. 10). He was considered for active 
surveillance from an outside conventional biopsy 
showing 1 mm of Gleason 3 + 3 cancer. Subse- 
quent MRI showed 2 suspicious lesions, one at 
the left base (MRI score of 5) and the other at the 
right central gland (MRI score of 3). The confirma- 
tory biopsy was performed using the MRI fusion 
technique and showed 4 cores of Gleason 4 + 4 
from the grade 5 lesion, with the cancer lengths 
measuring 3.5, 7, 10, and 15 mm. A 12-core sys- 
tematic biopsy, performed at the same session, 
showed 2 positive cores, both with only small mi- 
crofoci (3 mm of Gleason 3 + 3 = 6; 1 mm of Glea- 
son 3 + 4 = 7). If only a systematic biopsy had 
been performed, this patient may have remained 
in active surveillance despite the presence of sig- 
nificant CaP. Based on the results from the MRI 
targeted cores, the patient underwent robotic- 
assisted radical prostatectomy. Final pathology 
showed a tumor of estimated volume of 11 cm? 
and Gleason 4 + 4 cancer. 


SUMMARY 


The advent of mp-MRI, which includes T2WI, DWI, 
and DCE, has provided a method for visualizing 
CaP. The MRI images may be used to guide pros- 
tate biopsy via image fusion, to enable targeted bi- 
opsy of suspicious areas within the MRI tube, or 
more efficiently, by MRI-US coregistration (fusion). 
MRI-US fusion allows prostate biopsy to be per- 
formed quickly, on an outpatient basis, using the 
transrectal technique familiar over the past several 
decades. The following conclusions represent a 
consensus from the initial 5 years experience, us- 
ing various MRI-US fusion methods: 


e Targeted biopsies are several times more sen- 
sitive for detection of CaP than nontargeted, 
systematic biopsies. 

e Targeted biopsies detect more significant 
CaPs and fewer insignificant cancers than 
conventional biopsies. 

e The false-negative rate of MRI is not yet 
known, but is a concern; a negative MRI 


MRI-US Fusion Biopsy of Prostate 


should not be used as a reason to defer 
biopsy. 

e Two groups that will especially benefit from 
targeted prostate biopsy are men with low- 
risk lesions in active surveillance and men 
with increased PSA levels and previous nega- 
tive conventional biopsies. 
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KEY POINTS 


e Percent free prostate-specific antigen (PSA), PSA velocity, PSA density, and PCA3 can suggest 
further risk of malignancy in patients with previous negative biopsy. 
e Repeat biopsy should be directed to areas not previously sampled, such as anterior part, extreme 


apex and base, and midline. 


e Changing the route of biopsy to a transperineal approach may improve the detection of anteriorly 


located cancers. 


e Multiparametric magnetic resonance imaging (MRI) shows the cancer location with higher sensi- 
tivity than transrectal ultrasonography (TRUS) and should be considered before repeat biopsy. 

e Newer tumor markers, field defect markers and MRI/TRUS fusion technology may improve sensi- 
tivity and specificity of detection of prostate cancer. 


INTRODUCTION 


Persistent increase in prostate-specific antigen 
(PSA) levels in patients with previous negative bi- 
opsies creates a clinical dilemma. Increase in 
PSA levels is nonspecific and can be associated 
with benign causes, such as benign prostatic hy- 
perplasia, infection, inflammation, infarction, me- 
chanical stimulation, and so forth. Despite its 
vague implications, urologists are compelled to 
evaluate increasing PSA levels to avoid missing a 
diagnosis of prostate cancer. With the recent in- 
crease in septicemia cases associated with pros- 
tate biopsies,' complications can be costly and 
potentially life threatening. With conventional 
transrectal ultrasonography (TRUS) technology, 
sampling errors are inevitable, and a negative 


biopsy does not rule out malignancy with certainty. 
The management of the patient with repeatedly 
negative prostate biopsies and clinical character- 
istics suggestive of cancer, such as an increased 
PSA level or abnormal digital rectal examination 
(DRE), remains a challenging problem for physi- 
cians and patients. The current TRUS-guided 
prostate biopsy technique may be associated 
with some discomfort and pain. Further, potential 
complications associated with biopsies are not 
negligible. Which findings necessitate repeat bi- 
opsy and when repeat biopsies should be recom- 
mended is difficult to determine. With low certainty 
of finding a high-risk cancer on repeat biopsy, the 
benefits of determining a diagnosis must be 
weighed against the risks of subjecting patients 
to rebiopsy-related morbidities. 
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RISK OF FALSE-NEGATIVE RESULTS WITH 
PROSTATE BIOPSY 


Repeat prostate biopsies detect cancer in 16% to 
41% of cases in which the initial biopsy was nega- 
tive.2 At the University of California at San 
Francisco (UCSF), Shinohara and colleagues at- 
tempted to identify predictors of positive biopsy 
to avoid unnecessary biopsy procedures in pa- 
tients at low risk for malignancy by studying 
325 men with a history of 2 or more negative bi- 
opsies. The mean age of this patient population 
was 61 years, with a mean serum PSA level of 
13.8. The repeat positive biopsy rate in these pa- 
tients was 38%. The percentage of patients with 
a positive biopsy decreased as the number of pre- 
vious negative biopsies increased: 40% in patients 
with 2 or 3 previous negative biopsies, 36% in pa- 
tients with 4 or 5 previous negative biopsies, and 
17% in patients with 6 previous negative biopsies. 
Using a Cox proportional hazards model, predic- 
tors of positive biopsy were identified, including 
higher serum PSA level, increased age, hypoe- 
choic lesions on ultrasonography, and smaller 
prostates. Abnormal pathology (prostatic intraepi- 
thelial neoplasia [PIN], atypical small acinar prolif- 
eration [ASAP]) on previous biopsy, abnormal 
DRE, and transition zone volume were not signifi- 
cant predictors of a positive biopsy (Shinohara K, 
unpublished data, 2004). Clinical data accumula- 
tion now identifies more reliable predictors for pa- 
tients who need a repeat biopsy in this population. 
Ploussard and colleagues reported the factors 
associated with repeat biopsy on longitudinal 
follow-up among patients who had initially nega- 
tive biopsy. Of 617 men followed for a mean of 
19 months, 31% underwent repeat biopsy. The 
risk factors for repeat biopsy are high PSA levels, 
high PSA density (PSAD), and younger age. These 
investigators also reported PSA levels greater than 
6 ng/mL, PSAD greater than 0.15, prostate volume 
less than 50 mL were associated with positive bi- 
opsy results. 


PREDICTORS FOR REPEAT PROSTATE BIOPSY 
High-Grade PIN and ASAP 


High-grade PIN (HGPIN) is found on a varying but 
significant fraction of prostate biopsies (1%-25%), 
with most modern series having an average of 
5%.° PIN is characterized by architecturally begin 
prostate acini, which are lined by cytologically 
atypical cells. HGPIN may be a precursor lesion 
to adenocarcinoma.*:> Previously, the discovery 
of HGPIN on first prostate biopsy prompted repeat 
prostate biopsy in 3 to 6 months. Published series 
of those with HGPIN who undergo repeat biopsies 


show a cancer detection rate of 30% to 50%. 
However, Lefkowitz and colleagues® reported 
that with an extended biopsy scheme showing 
HGPIN, repeat biopsy showed cancer in only 
2.3% of cases. These investigators recommended 
that immediate repeat biopsy is not necessary af- 
ter a 12-core biopsy showing HGPIN. Netto and 
Epstein’ reported a higher incidence of cancer 
diagnosis in patients with initial biopsy showing 
widespread HGPIN. More recently, Lee and col- 
leagues? reported their results of 328 men un- 
dergoing repeat prostate biopsy after the initial 
biopsy showed HGPIN. In their study, these inves- 
tigators found that a group with multifocal or bilat- 
eral HGPIN on initial biopsy had a significantly 
increased hazard ratio of subsequent prostate 
cancer compared with the unifocal HGPIN disease 
group. These investigators found a 3-year cancer 
detection rate of 29% to 37% in the multifocal 
HGPIN group. 

ASAP, which has also previously been termed 
atypical adenomatous hyperplasia or atypia, is 
characterized by the crowding and proliferation 
of small glands; however, cytologic atypia is min- 
imal.° This lesion has been less well characterized 
than HGPIN, but ASAP alone is identified in 5% of 
patients undergoing needle biopsy. Iczkowski and 
colleagues'° proposed further classification of 
this lesion into 3 categories (favoring benign, un- 
certain, and favoring malignant) and suggested 
correlation of each category with subsequent 
cancer detection. The association of ASAP with 
prostate cancer is higher than that of HGPIN. 
Contemporary biopsy series looking at the influ- 
ence of ASAP have shown that the probability of 
detecting adenocarcinoma on repeat biopsy is 
40% to 50%. Having both HGPIN and atypia 
together on the first biopsy may increase the 
rate of cancer detection on the second biopsy to 
as high as 75%."' 

The current indications for repeat biopsy within 
the first year based on National Comprehensive 
Cancer Network (NCCN) Guideline Version 2012 
include ASAP found on initial biopsy and extensive 
(multiple biopsy sites, >2 cores) HGPIN lesions. 1? 


DRE, PSA and PSA Derivatives 


Abnormal DRE or abnormal PSA values lack spec- 
ificity for detecting prostate cancer, especially 
after the first negative biopsy, with the positive 
predictive value of PSA detecting clinically signifi- 
cant cancer ranging from 25% to 40%. A PSA level 
in the range between 4 and 10 most often resulted 
in a 60% to 70% negative biopsy rate. Prostate 
cancer is also detected in 17% to 27% of patients 
with PSA levels from 1 to 4 ng/mL.'° Furthermore, 


Increasing PSA Level After Negative Prostate Biopsy 


a repeat saturation biopsy also detected about 
18% to 43% of cancers missed after the first bi- 
opsy in men with increased PSA levels.'*'° 
Hence, PSA and DRE alone are not ideal tools 
for reliably excluding cancer. In men with persis- 
tently increased PSA levels with 2 or more nega- 
tive biopsies, clinicians should consider the PSA 
velocity (PSAV), the adequacy of the initial biopsy 
(number of cores and location of biopsies), 
PSAD, family history, age, and African American 
ethnicity when recommending repeat biopsy. 
Recent studies have shown that PSAV is a strong 
predictor of prostate cancer in repeat biopsy after 
controlling for age, presence of ASAP lesion, 
PSAD, and percent free PSA at time of repeat bi- 
opsy. A mean PSAV of 0.73 ng/mL/y was associ- 
ated with low-grade cancer on repeat biopsy, 
whereas a PSAV of 5.73 ng/mL/y was associated 
with intermediate-grade or high-grade cancer after 
an initial negative biopsy.'® Previously, Loeb and 
colleagues'’ reported that a PSAV greater than 
0.4 ng/mL/y is associated with increased risk of 
Gleason 7 or higher prostate cancer at time of 
radical prostatectomy. For men with PSA less 
than 4.0 ng/mL, data suggest that PSAV of 
0.35 ng/mL/y or greater is suspicious for the pres- 
ence of life-threatening cancer, whereas for men 
with PSA 4 to 10 ng/mL, a PSAV of 0.75 ng/mL/y 
or greater is suspicious.’ A recent study from 
the Cleveland Clinic also supported the signifi- 
cance of PSAV in detection of high-grade cancer 
among the repeat biopsy population.'? Hence, 
PSAV should be considered when selecting high- 
risk men for repeat biopsy. In addition to suspi- 
cious lesions, including ASAP and HGPIN, PSAD 
and prostate volume have also been shown to be 
strong predictors of prostate cancer and thus 
could aid clinicians in optimizing repeat biopsy 
decisions. '* 

Percent free PSA has been studied extensively 
in the past.2° The NCCN guidelines recommend 
repeat biopsy if percent free PSA is less than 
10%.'* However, free PSA alone still lacks high 
specificity for prostate cancer. Within free PSA iso- 
forms, [2]proPSA is a main isoform associated with 
prostate cancer. The prostate health index (PHI) is 
a test approved by the US Food and Drug Admin- 
istration (FDA) that calculates the risk of prostate 
cancer by a formula of [2]proPSA/free PSAx./PSA 
and has shown better sensitivity and specificity 
over free PSA or PSA alone.?!:?? Scattoni and col- 
leagues*° evaluated the performance of PHI and 
PCA3 in detection of prostate cancer among 
211 patients who underwent biopsy and reported 
that PHI was more accurate than PCAS3 in detect- 
ing prostate cancer in the initial biopsy setting as 
well as repeat biopsy setting. 


PCA3 


The urine-based PCA3 (Progensa) is available and 
FDA approved for use in risk stratification for se- 
lecting patients for repeat biopsy, with a cutoff 
value of 25 (a higher score is associated with a 
higher probability of finding cancer on repeat bi- 
opsy).** PCA3 is a noncoding messenger RNA 
(mRNA) that is overexpressed in 95% of prostate 
cancer.*° The PCA3 mRNA level is measured us- 
ing reverse transcription polymerase chain reac- 
tion to amplify mRNA in a urine sample after 
prostate massage. The score is then calculated 
based on total PSA mRNA concentrations. Multi- 
institutional validation of the PCA3 test showed 
that a median score of 20 was associated with 
negative repeat biopsy and a score of 48 was 
associated with positive repeat biopsy.2*°° 
Hence, PCA3 seems to be superior to PSA alone 
when selecting patients for repeat biopsy and 
may aid urologists and patients in making repeat 
biopsy decisions. Wu and colleagues?” reported 
on 103 patients with previous multiple negative bi- 
opsies that PCA3 with a cutoff value of 25 showed 
sensitivity of 67% and specificity of 64%. In that 
analysis, PCA3, PSAD, PSA (inverse), DRE, and 
TRUS were all independently predictive and were 
included in a multivariable nomogram. The results 
were significantly better than PSA alone and as 
sensitive and specific as PSAD. However, Roobol 
and colleagues’® reported that if PCA3 was exces- 
sively high (+100), the positive predictive value of 
the test was only 51%. Evaluation of the Genomic 
Applications in Practice Prevention Working 
Group’? reported that the PCA3 test does not 
have enough clinical evidence to recommend clin- 
ical use unless further evidence is acquired to sup- 
port improved outcomes at this point. 


TMPRSS2-ERG Fusion 


Still in the clinical trial phase, the TMPRSS2-ERG 
(transmembrane protease serine 2 implicated in 
tumor metastasis) fusion urine test is being devel- 
oped to further refine risk stratification in selecting 
patients for biopsy. TMPRSS2-ERG fusion is 
reportedly one of the earliest events in prostate 
cancer tumorigenesis and is detected in approxi- 
mately 50% of prostate cancer.°°°' When used 
in combination, the TMPRSS2-ERG fusion and 
PCA3 urine test can give up to 90% specificity 
and 80% sensitivity.°*°° This could be an attrac- 
tive tool in the future for selecting men for repeat 
biopsy. The Mi-Prostate Score is derived from 
TMPRSS2-ERG fusion combined with PSA and 
PCAS results and is commercially available; how- 
ever, as with PCA3, more clinical data are required 
before recommending widespread clinical use. 
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Cancer Field Defect Markers 


Benign tissue surrounding cancer areas has been 


known to have some molecular-level alterations 
(field defect).°+-°° By detecting those defects in 
negative biopsy samples, prostates with probable 
undiagnosed cancer may be identifiable. DNA hy- 
permethylation in the promoter regions of cancer- 
associated genes is linked to prostate cancer.°’ 
Stewart and colleagues? studied an epigenetic 
assay evaluating such DNA hypermethylation in 
498 patients who had a previously negative biopsy 
and underwent repeat biopsies within 30 months. 
Methylation-specific polymerase chain reaction 
assay panel was performed on initial negative bi- 
opsy samples and correlated with the second bi- 
opsy outcomes. These investigators concluded 
that the negative predictive value of the epigenetic 
assay was 90%, and unnecessary biopsies can be 
reliably avoided by using the test (ConfirmMDx, 
MDx Health, Irvine, CA). Another study using a 
different field effect marker”? showed that a 
3.4-Kb mitochondrial genome deletion is found in 
benign tissue surrounding prostate cancer. This 
field defect can be used as a surrogate for prostate 
cancer in benign biopsy specimens. If the accu- 
mulated data show the field defect markers to be 
clinically useful, the described tests may reduce 
unnecessary repeat biopsy rates and be able to 
target suspicious areas with high predictability. 


ADVANCED IMAGING 
Color Doppler and Power Doppler Imaging 


Color Doppler was first described in 1993 as a po- 
tential means of differentiating malignant tissue 
from benign growth. It interprets reflected sound 
as a measure of blood flow in prostatic vessels. 
It takes advantage of the hypervascular nature of 
malignant prostatic tissue to visualize vascular 
flow. Increased angiogenesis in prostate cancer 
tissue results in higher microvessel density when 
compared with that of benign tissue.*° Initial 
studies indicated that color Doppler could be 
used to identify cancers such as isoechoic, hyper- 
vascular tumors, which are not visible using con- 
ventional gray-scale ultrasonography. However, 
the data supporting the routine use of color 
Doppler are not conclusive.*'~*° 

Power Doppler imaging makes use of detecting 
and amplifying small differences between blood 
flow in different vessels, allowing imaging of very 
small tumor vessels (Fig. 1).*° This modality results 
in a sensitivity that is 3-fold to 4-fold that of color 
Doppler alone.*’ Okihara and colleagues*® re- 
ported a sensitivity of 98% and a negative predic- 
tive value of 98%, significantly higher than that of 


Fig. 1. A 69-year-old man with 3 previous negative 
biopsies. PSA level increased to 37 ng/mL. Gray-scale 
TRUS showed 78 cm? unremarkable prostate. How- 
ever, power Doppler imaging showed an area with 
significantly increased vascularity anterior to the 
urethra at apex. Targeted biopsy of this area showed 
solid Gleason grade 3 + 4 adenocarcinoma. 


gray-scale ultrasonography for visualization of 
prostate cancer. However, in their study, the pos- 
itive predictive value was 59%, equivalent to that 
of gray-scale ultrasonography. In addition, the pa- 
tient population contained higher volume disease 
compared with the current PSA-screened popula- 
tion. TRUS studies with microbubble contrast 
agent enhancement have been reported. Mitter- 
berger and colleagues’? used contrast-enhanced 
Doppler imaging in 690 patients and performed 
both Doppler image-guided biopsies and systemic 
random biopsies. Targeted biopsy yielded signifi- 
cantly higher positive results and higher Gleason 
grade disease with fewer biopsy cores compared 
with random biopsy. Aigner and colleagues? 
used prostate biopsy under contrast-enhanced ul- 
trasonography. Targeted biopsy yielded nearly 
50% positive, whereas systematic random biopsy 
had only 9.3% positive. The data suggest ap- 
pealing future clinical applications of ultra- 
sound contrast agents; however, there is no 
FDA-approved ultrasound contrast agent available 
for prostate imaging in the United States. 


Elastography 


Elastography measures signal displacement when 
tissue is slightly compressed during ultrasono- 
graphic examination. This modality discriminates 
hard tissue unlikely to be displaced from soft 
surrounding tissue. Salomon and _ colleagues*' 
compared elastography imaging with radical pros- 
tatectomy specimens in 109 patients. Elastography 
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detected 439 lesions with sensitivity and specificity 
of 75.4% and 76.6%, respectively. However, when 
elastography was applied to targeted biopsies, 
54% of random biopsies that were found to be pos- 
itive did not have abnormal findings on elastogra- 
phy. Nelson and colleagues°* concluded that 
elastography targeted biopsy could not replace 
systemic biopsy in the report. 


Multiparametric Magnetic Resonance Imaging 


Potential roles for magnetic resonance imaging 
(MRI) and MRI-guided biopsy (MRI-GB) in the 
diagnosis, staging, and management of prostate 
cancer have been evaluated. T2-weighted im- 
aging improved detection of prostate cancer in 
men with previous negative biopsies, with a 
detection rate of 55%.°° More recently, multi- 
parametric MRI (mp-MRI), which combines T2- 
weighted imaging with diffusion-weighted image 
(DWI), dynamic contrast-enhanced (DCE) imaging, 
or proton magnetic resonance spectroscopy 
(MRS) has shown increased specificity compared 
with T2-weighted imaging alone.°**°° A typical 
cancer is seen as an area of decreased signal in- 
tensity on T2-weighted images, restricted diffu- 
sion on DWI, rapid uptake and rapid release of 
contrast on DCE imaging, and increased choli- 
ne+creatine/citrate ratio (Fig. 2, Table 1). 
Several prospective studies have reported mp- 
MRI cancer detection rates between 39% and 
59% in previously negative biopsy patients?’ 
and have found that triple combinations of multi- 
parametric imaging modalities detect more can- 
cers than use of only 1 or 2 of the modalities.°* 
Again, most studies reported a prevalence of 
anteriorly located tumors.°*°°°° MRI-GB has 
relatively high cancer detection rates, detects 


clinically significant disease, and may require 
fewer cores.°°:°° 


REPEAT BIOPSY TECHNIQUE 
TRUS-Guided Biopsy for Repeat Biopsy 


When performing repeat biopsy, the standard 


parasagittal loci, lateral midprostate and base, 
anterior apex, and transition zones should be 
sampled. In addition, additional needle biopsies 
should be obtained from the site of any initial 
HGPIN or ASAP, as well as any suspicious lesions 
visualized on ultrasonography. The most common 
areas to be missed on initial biopsy are at the 
extreme apex and the base (Fig. 3), the midline, 
and the anterior regions (Fig. 4). Takashima and 
colleagues®' carefully examined radical prosta- 
tectomy specimens from 62 Tic patients with 
cancer and reported that Tic cancer is densely 
located at the apex to midportion in the anterior 
half of the gland. Meng and colleagues? reported 
that adding anterior apical biopsies to the 
extended sextant biopsy scheme increased can- 
cer detection, especially in patients with a normal 
DRE. In those undergoing repeat biopsy, addi- 
tional biopsies should be directed to areas not 
previously sampled. 


Role of Saturation Biopsy 


There is no consensus on the evaluation of men 
with negative previous biopsies and ongoing sus- 
picion for prostate cancer. Repeat TRUS-GB in 
this setting has significant limitations, because 
the cancer detection rate decreases with each 
repeat biopsy.’ 

Extensive or saturation biopsy has been recom- 
mended by some investigators to maximize cancer 


Fig. 2. (A) Typical prostate cancer on MRI T2-weighted image. Cancer is shown as an area with decreased signal 
intensity (arrows). (B) Same lesion with ADC map. Cancer site with restricted water molecule diffusion is seen as a 


dark area (arrows). 
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Table 1 


Appearance of prostate cancer on multi-parametric MRI 


Characteristics 

T2-weighted 
imaging 

between tissues 


DWI Molecular diffusion of water through 
tissues 


DCE imaging 


Every tissue has its own T1 and T2 values, 
which can be used to generate contrast 


Rapid T1 images are obtained after 


Cancer Appearance 


Decreased signal intensity (dark) 


Restricted diffusion (bright on longer b 
value, dark on apparent diffusion 
coefficient map) 


Early enhancement and early washout of 


administration of contrast agent contrast 


MRS Proton spectroscopy assesses relative 


molecular signatures of tissues 


detection rates in patients with clinical criteria that 
put them at high risk for prostate cancer despite a 
previous benign biopsy. This type of biopsy 
scheme has been performed in the office using 
periprostatic block, intravenous sedation, or in 
the outpatient surgery center with general or spinal 
anesthetic.°* °° Although most of the saturation bi- 
opsy protocols are performed transrectally, there 
are also reports of transperineal saturation 


A 


Cancer 


Rectum 


Cancer 


Ss ss 


Rectum 


Fig. 3. (A) Example of initial biopsy (locations indi- 
cated as arrows) not taking very apex or very base tis- 
sue, missing cancer in those areas. (B) Repeat biopsy 
should be directed to those extreme edges where pre- 
viously not sampled. (From Shinohara K, Master VA, 
Chi T, et al. Prostate needle biopsy techniques and 
interpretation. In: Scardino PT, Linehan WM, Zelefsky 
MJ, et al, editors. Comprehensive textbook of genito- 
urinary oncology. Philadelphia: Lippincott Williams & 
Wilkins; 2011. p. 79-84; with permission.) 


Increased choline+creatine/citrate ratios 


biopsy.°° Generally, irrespective of anesthetic 
used, these saturation biopsy protocols obtain 
22 to 24 cores per patient. Borboroglu and col- 
leagues™ found that 17 of 57 men (30%) of their 
cohort had adenocarcinoma identified using a 
6-region, saturation biopsy pattern. Of these men, 
41% had only 1 positive biopsy core; 11% of pa- 
tients developed urinary retention. Stewart and col- 
leagues®° used a radial biopsy pattern separated 
by 20° to 30° and found a similar detection rate of 
34% in 224 patients. The overall complication 
rate was 12%, which included 5% of men requiring 
hospitalization for hematuria. Rabets and col- 
leagues®’ recently published a 29% overall positive 
biopsy rate in 116 consecutive patients who under- 
went a 24-core saturation biopsy regimen in the of- 
fice after previous negative biopsies. This 29% to 
34% rate of cancer detection is similar to repeat, 
extended (10-core or 12-core) prostate biopsy, 
which is generally accomplished with less mor- 
bidity. As extended pattern biopsy schemes 
become the standard of care for initial prostate bi- 
opsy, the need for secondary biopsies, by any 
technique, will be reduced. 


Transperineal Template Prostate Biopsy for 
Repeat Biopsy 


As stated earlier, patients with multiple negative 
biopsies are almost always undersampled at the 
anterior and apical part regions, and multiple 
repeat biopsy should target tissue along the ante- 
rior apical capsule. The advantage of the trans- 
perineal approach is that it allows sampling of 
these areas easily (Fig. 5). A  transperineal 
approach using a perineal template also allows 
targeting of MRI lesions that are not seen on 
ultrasonography. Recently, a series of TRUS- 
guided transperineal template prostate biopsies 
showed significant apicoanterior cancer detec- 
tion in patients with a normal DRE.°® Therefore, 
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45° 


a Cancer “4 


Fig. 4. Apical anterior tissue is commonly not sampled with transrectal biopsy unless the area is specifically 
targeted. (From Shinohara K, Master VA, Chi T, et al. Prostate needle biopsy techniques and interpretation. In: 
Scardino PT, Linehan WM, Zelefsky MJ, et al, editors. Comprehensive textbook of genitourinary oncology. Phila- 
delphia: Lippincott Williams & Wilkins; 2011. p. 79-84; with permission.) 


a transperineal approach is favored by some for 
secondary/repeat biopsies. Merrick and col- 
leagues®? performed 102 transperineal template- 
guided biopsies. Of those biopsies, 101 patients 
had previously negative biopsy and 42.2% pa- 
tients were subsequently diagnosed as having 
prostate cancer by this approach. More strikingly, 
65% of cancer cases found were Gleason score 
7 or higher by transperineal biopsy. Several trans- 
perineal saturation biopsy studies have reported 
cancer detection rates between 20% and 68% af- 
ter previous negative biopsies.1®7%7! Walz and 
colleagues reported a 41% cancer detection rate 
with transperineal biopsy in patients with at least 
2 previous negative biopsies. These investigators 
described a regression model that accurately pre- 
dicted cancer detection at saturation biopsy 72% 
of the time. In their model, PSA exerted minimal 
predictive effect, whereas PSAD, transition zone 
volume, and % free PSA exerted significant ef- 
fects; other studies have reported PSA doubling 
time and PSAV to be the only independent 


Cancer 


\\ 


Biopsy needle 


Rectum 


Fig. 5. With a transperineal approach, anteriorly 
located cancer is easily biopsied. (From Shinohara K, 
Master VA, Chi T, et al. Prostate needle biopsy tech- 
niques and interpretation. In: Scardino PT, Linehan 
WM, Zelefsky MJ, et al, editors. Comprehensive text- 
book of genitourinary oncology. Philadelphia: Lippin- 
cott Williams & Wilkins; 2011. p. 79-84; with 
permission.) 


predictors.’* Furthermore, Walz and colleagues 
found that the risk of finding cancer on transperi- 
neal saturation biopsy was highest in men with 
large prostates and small transition zone volumes, 
that is, men with large peripheral zone volumes. 
Bittner and colleagues reported 46.6% cancer 
detection in a cohort of 485 patients with previous 
negative TRUS-guided biopsy (TRUS-GB), 86.7% 
of whom harbored clinically significant disease. 
The most common site of cancer detection was 
the anterior apex, which is similar to other 
studies,’' and anterolateral and posterolateral re- 
gions as well as the transition zone were also com- 
mon. These investigators found that in patients 
with only 1 previous negative TRUS-GB result, 
the posterolateral region was positive as often as 
the anterior and apical regions. For patients with 
2 or more negative previous biopsies, disease 
was more commonly diagnosed in the anterolat- 
eral and apical regions. These findings further sup- 
port the notion that transrectal biopsies are limited 
in their ability to sample all anatomic regions of the 
prostate, especially the anterior and apical areas. 

At UCSF, transperineal biopsy is performed 
only in patients with a high-risk clinical profile for 
prostate cancer who have had multiple (>2) nega- 
tive biopsies. Using a transperineal approach, the 
direction and location of needle puncture are 
completely changed from the transrectal ap- 
proach, allowing not only adequate sampling of 
the often undersampled anterior and apical pros- 
tate but also distinctly different sampling of re- 
gions usually covered in the extended sextant 
biopsy approach. Therefore, it may be reasonable 
to consider this procedure for patients with previ- 
ously multiple negative biopsies and a continuous 
increase in PSA level or in patients with other 
high-risk characteristics, such as a first-degree 
relative with prostate cancer. 

The procedure is generally performed under 
general or spinal anesthesia. The patient is placed 
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in the lithotomy position, and a biplane TRUS 
probe is commonly used. The probe is fixed on a 
brachytherapy stand, and the brachytherapy tem- 
plate is used to guide the needle into the ap- 
propriate location.°° The number of the cores 
obtained varies widely in the literature and ranges 
between 20 and 138 cores.’°’* Satoh and col- 
leagues”? reported their procedure in detail. In 
their report, 4 samples were taken from each 
quadrant in the coronal plane at the midgland 
and apex, and 3 cores were obtained at each of 
the anterior and posterior halves, totaling 22 cores. 
At UCSF, the prostate gland is visualized in the 
transverse view and divided into 8 regions by 
dividing the gland into an apical half and a basal 
half, with 4 quadrants in each half: the right and 
left anterior as well as the right and left posterior 
gland. In each region, 4 cores are obtained (3 along 
the prostate capsule, 1 from the center of the 
quadrant), totaling 32 core samples (Fig. 6). Using 
the brachytherapy stand and template, apical cor- 
onal images are obtained. In this plane, 4 biopsy 
locations in each quadrant are chosen, and a nee- 
dle is advanced through the preselected hole in 
the template. The needle is then identified in the 
longitudinal view and advanced until the tip rea- 
ches the prostatic capsule. Biopsy is then taken 
from this point in each location. After completing 
the 16 biopsies in this plane, the TRUS probe is 
advanced to the midportion of the gland. New bi- 
opsy locations on the template are chosen, and 
the needle is advanced to the midgland in a longi- 
tudinal view. Biopsy is taken from the midgland to 
the base by advancing the needle to the midgland 
in the longitudinal view (See Fig. 6B). 


Biopsy of MRI Lesion 


How to target suspicious lesions seen on mp-MRI 
has not yet been standardized. MRI-GB can be per- 
formed using a gantry adjusted to target a lesion; 
however, biopsy is performed outside the coil and 
not in a real-time fashion, and it is time consuming. 
Hambrock and colleagues’? investigated MRI-GB 
using a technique in patients with suspicious re- 
gions on MRI and found a tumor detection rate of 
59% and clinically significant disease in 93% of 
these patients using a median of only 4 cores. These 
investigators found that the detection rate was 
significantly higher than that of their TRUS-GB con- 
trols except in patients with PSA 20 or greater, vol- 
ume greater than 65 cm, and PSAD greater than 
0.6. Given their findings, the investigators argue 
that the improved sensitivity, low number of 
required cores needed, and sampling of areas 
commonly not biopsied by standard TRUS-GB 
make mp-MRI an appealing alternative. 


A Anterior 


Right Left 


Posterior 


Base Apex 


2) 
Fig. 6. (A) A diagram representing the location of 
biopsy in transverse view of the prostate. Prostate is 
divided in quadrants, and 4 biopsies are taken from 
each quadrant. (B) Prostate is divided in apex and 
base in longitudinal view. After taking 16 biopsy cores 
at the apex, needle is advanced to midgland, and 
another set of 16 cores at the base is taken. (From Shi- 
nohara K, Master VA, Chi T, et al. Prostate needle bi- 
opsy techniques and interpretation. In: Scardino PT, 
Linehan WM, Zelefsky MJ, et al, editors. Comprehen- 
sive textbook of genitourinary oncology. Philadel- 
phia: Lippincott Williams & Wilkins; 2011. p. 79-84; 
with permission.) 


More commonly, MRI lesions are biopsied under 
ultrasound guidance. Careful ultrasonographic ex- 
amination of a known MRI lesion can be detected 
as a hypoechoic area or capsular bulging (Fig. 7). If 
TRUS shows a suspected lesion, targeted biopsy 
is easily performed. However, if no abnormalities 
are detected on ultrasonography, there are a few 
other ways to target the MRI lesion. Most 
commonly, a lesion observed on MRI is cognitively 
registered and geographically targeted by ultra- 
sound guidance. If the lesion is relatively large, 
this approach is easy. However, if the MRI lesion 
is small, accurately targeting the lesion can be 
difficult. However, if a transperineal approach is 
used, the MRI lesion can be more accurately tar- 
geted by using a perineal template guide.°® 

Recently, TRUS and MRI image fusion devices 
were developed. These devices enable MRI 
lesions to be accurately targeted on the TRUS im- 
age. Sonn and colleagues®’ evaluated mp-MRI- 
ultrasonography fusion biopsies using the Artemis 
device (Eigen, Grass Valley, CA) and detected 
cancer in 34% of the patients and clinically signif- 
icant disease in 72%. These investigators found 
that the degree of suspicion on MRI was the 
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Fig. 7. A 56-year-old man with increased PSA levels. Two previous biopsies showed no evidence of cancer. (A) 
T2-weighted MRI showed a small area of decreased signal intensity in the left midgland anterior horn of the pe- 
ripheral zone (white arrow). (B) Careful ultrasonography showed a small hypoechoic area (arrows) corresponding 
to the MRI lesion. Targeted biopsy showed Gleason grade 3 + 3 adenocarcinoma. 


most significant predictor of significant disease. 
Using a different MRI-ultrasonography fusion 
platform (UroNav, Invivo, Gainsville, FL) (Fig. 8), 
Vourganti and colleagues’° detected cancer in 
37% of men with suspicious MRI findings. These 
studies reported finding more significant cancers, 
fewer insignificant cancers, and no detection 


Fig. 8. UroNav MRI/TRUS fusion device. (Courtesy of 
Invivo, Gainesville, FL; with permission.) 


of high-grade cancers in men with PSAD less 
than 0.15 ng/mL. Similarly, Rais-Bahrami and 
colleagues’’ showed the usefulness of MRI- 
ultrasonography fusion biopsies, especially in 
identifying significant disease. 


SUMMARY 


Patients who have a previously negative biopsy in 
the setting of clinical suspicion of prostate cancer 
still have a high risk of harboring significant undi- 
agnosed disease. Various markers such as 
PSAV, PSAD, PCA3, and newer markers may aid 
in repeat biopsy selection. Repeating the same bi- 
opsy procedure in such patients does not yield 
high cancer detection rates. More anteriorly 
directed transrectal or transperineal biopsies are 
indicated. mp-MRI can detect abnormal areas, 
and lesion-targeted biopsies can improve the can- 
cer detection rate. 
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When is Prostate Cancer Really 
Cancer? 


David M. Berman, MD, PhD*, Jonathan |. Epstein, MD®:* 


KEYWORDS 


e Prostate cancer ¢ Gleason grade ® PSA screening ® Low-grade cancer 


KEY POINTS 


e Managing low-grade prostate cancers is a significant challenge, brought on by widespread adop- 
tion of prostate-specific antigen screening. 

e Physicians who diagnose this disease and discuss treatment options with patients may move 
toward correctly titrating management to fit low-risk patients by shifting the classification of low- 
risk prostate cancers into another diagnostic category, such as a benign tumor or a tumor of low 
malignant potential. 

e This shift is problematic in a biological sense, because low-grade prostate cancers clearly fulfill 
well-established definitions of cancer, and it would also be problematic in a practical sense, 
because risk classification by Gleason grading is often inaccurate and low-grade cancers may 
progress to high-grade cancers. 

e In the proposed system, indolent cancers currently scored as Gleason 6 out of 10 would be 
assigned a score of 1 out of 5. 

e The more accurate risk assessment provided by the new scoring system would be the start of a dis- 
cussion between patients and physicians on how best to manage a cancer that is likely harmless. 


THE SCIENCE OF DIAGNOSING CANCER 


The Hallmarks of Cancer 


The idea that cancer can be indolent leads to the 


question, what is cancer? A review published in 
2000 entitled The Halimarks of Cancer,' and its 
more recent revision, focus on a variety of prop- 
erties of cancer, including the ability to grow 
autonomously, evade signals that would cause pro- 
grammed cell death in normal cells, invade, and 
metastasize (Tables 1 and 2). The hallmarks provide 
a useful heuristic device for discussing cancer 
biology, particularly in the context of basic research. 
However, hallmarks are not strict criteria for diag- 
nosing cancer. In fact, as shown in Table 1, many 
of the hallmarks are features of benign neoplasms 
and therefore cannot be used to define cancer. As 


carefully delineated in medical textbooks'*'* and 
entertainingly presented by Lazebnik,'° cancer is a 
malignant neoplasm. A neoplasm (benign or malig- 
nant) is an autonomously growing clone of cells; 
only malignant neoplasms invade or metastasize. '° 
In practice, invasion is the only feature that is both 
necessary and sufficient for the diagnosis of cancer 
(see later discussion). Aside from invasion and 
metastasis, the other hallmarks are found in benign 
neoplasms and, therefore, not defining features of 
malignancy (see Table 1). 


Metastasis Is Not a Reliable Defining Feature 
of Cancer 


Although almost all metastasizing tumors are ma- 
lignant, there are malignant tumors (cancers) that 
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Table 1 
Hallmarks of cancer in normal tissues and neoplasia 


Proliferative Evading Growth 


Signals Suppressors Immortality Angiogenesis Invasion Metastasis 


Normal growth + — 
and homeostasis 


= + = = 


Benign neoplasms + + + + = = 


Cancers + + 


almost never metastasize. These nonmetastasiz- 
ing cancers can be highly locally invasive and le- 
thal. For example, high-grade glioma brain 
tumors rarely metastasize, but are rapidly and 
almost uniformly lethal.'© On the other side of the 
aggressiveness spectrum, there are several inva- 
sive cancers that carry an exceedingly low risk of 
metastasis. The most salient and common 
example is basal cell carcinoma (BCC) of the 
skin. Arising in sun-exposed areas, BCC is almost 
never fatal and carries a minuscule risk of metas- 
tasis, estimated to be as low as 0.0028% of cases. 
However, it can be highly invasive locally, causing 
disfigurement and loss of function, especially 
around the eyes and scalp.'’ Therefore cancers 
vary in their potential to metastasize, but are 
defined primarily by their ability to invade. 


Invasive Features Distinguish Prostatic 
Intraepithelial Neoplasia from Prostate Cancer 


Prostate cancer commonly develops from a prein- 
vasive precursor lesion called prostatic intraepi- 
thelial neoplasia (PIN). PIN consists of neoplastic 
epithelial cells within preexisting benign glands. 
For epithelial cancers such as prostate cancer, 


Table 2 


+ + + +- 


invading through the basement membrane defines 
cancer, and low-grade (ie, Gleason <6) prostate 
cancers clearly fit this criterion. The architectural 
features of PIN glands are those of benign prostate 
acini. By contrast, cancers of Gleason score 6 
have an infiltrative pattern extending irregularly 
into the stroma, not only between benign glands 
but also beyond the prostate into extraprostatic 
tissue (Fig. 1A). In contrast to carcinoma, neither 
PIN nor benign prostate glands ever infiltrate 
beyond the prostate. 

The replicative process of benign prostate 
epithelia is quite different from that of cancer. In 
benign prostate, basal cells give rise to luminal 
secretory cells as part of a differentiation program. 
Prostate cancer cells, by contrast, replicate auton- 
omously. The distinctive architectural features of 
low-grade prostate cancer evolve as neoplastic 
cells invade the basement membrane surrounding 
PIN glands to form new glands in the surrounding 
stroma. The newly formed cancer glands lack 
a surrounding basal cell layer.*° By contrast, 
although not always easy to identify in diagnostic 
specimens, both benign glands and PIN glands 
are surrounded by a layer of basal cells adjacent 
to the basement membrane. 


Features distinguishing PIN from low-grade prostate cancer in humans 


Category Feature Benign 


Architecture Glandular profiles 


Present 


Basal cell layer 


Large, folded, 
evenly spaced 


Low-Grade 
Prostate 


PIN Cancer Reference 


Small, round, 
simple 
Absent 


Large, folded, 
evenly spaced 

Present, but 
attenuated 


Gene expression Intense AMACR <21% 


immunoreactivity 


42%-56% >90% 


on biopsy 


D8S87 loss on 
chromosome 8p12 

TMPRSS2-ERG fusion 0% 

PTEN alteration (any) 5% 


Chromosomal 
alteration 


Data from Refs.>-'* 


Infrequent 


Infrequent 20%-50% W 


12% 39%-50% 
15% 


When is Prostate Cancer Really Cancer? 


with pattern-3 glands invading the muscular wall of the adjacent bladder (hematoxylin-eosin, original magnifica- 
tion x40). (B) Gleason pattern-3 cancer glands in a lymph node metastasis. Note small round glands (encircled by 
dashed white line) and adjacent lymphoid tissue (hematoxylin-eosin, original magnification x20). Because only 
high-grade cancers metastasize, these low-grade cancer cells likely derive from a higher-grade precursor. 


Molecular Features Distinguish Prostatic 
Intraepithelial Neoplasia from Prostate Cancer 


The process by which noninvasive neoplastic cells 
acquire invasive potential is unclear. Accordingly, 
there are no molecular tests that accurately distin- 
guish an invasive cancer cell from a noninvasive, in 
situ precursor. Nevertheless, PIN and low-grade 
cancers have distinctive molecular features (see 
Table 1). In addition to lacking basal cells and 
having smaller, simpler glandular profiles than 
PIN, low-grade prostate cancers express higher 
levels of «-methylacyl-CoA racemase (AMACR).°® 
Higher AMACR expression seems to facilitate lipid 
oxidation, a favored energy source for prostate 
cancer cells,'° suggesting qualitatively or quanti- 
tatively different energetic requirements for inva- 
sive growth. At the chromosomal level PIN and 
cancer share a variety of alterations, but PIN 
seems less likely to lose the microsatellite repeat 
D8S87 on proximal 8p,°"'° or to show intrachro- 
mosomal rearrangements (fusions) between the 
TMPRSS2 and ERG genes. ''''* The biological sig- 
nificance of TMPRSS2-ERG fusions is currently 
unclear, but they are emerging as potentially useful 
diagnostic features. '':'° 

By contrast, the tumor suppressor PTEN has 
a well-established role in the biology of prostate 
cancer. Genomic alterations such as gain, mono- 
somy, and hemizygous or homozygous loss at the 
PTEN locus are detected twice as often 
in Gleason-6 prostate cancer (31%) than in PIN 
(15%).'' PTEN restrains cancer growth and inva- 
sion by its inhibitory effects on downstream genes 
in the PI3 kinase and AKT signaling pathways. 
From research in animal models and clinical sam- 
ples, complete inactivation of PTEN is a critical 
step in the formation and metastasis of prostate 


cancer. In humans PTEN loss is an established 
event in advanced cancers, whereas other kinds 
of PTEN alterations, including partial loss, have 
been recently recognized in PIN and in early pros- 
tate cancer, although their significance is un- 
known.'' To better delineate the molecular basis 
of human prostate cancer, additional studies will 
need to interrogate the relationship between partial 
PTEN loss and activity of the downstream pathways 
that PTEN is responsible for restraining. In contrast- 
ing PIN and early prostate cancer, these studies 
may reveal more specific ways to distinguish 
between the two entities. In summary, although no 
single molecular feature perfectly distinguishes 
a PIN cell from a cancer cell, there are striking archi- 
tectural and biological differences, and a variety 
of molecular features (summarized in Table 2) 
that are significantly more pronounced in cancer. 


Intraductal Carcinoma of the Prostate 


Special consideration is merited for a relatively 
rare entity, called intraductal carcinoma of the 
prostate (IDC-P) (reviewed by Robinson and 
Epstein”°). Although not always evident on biopsy, 
affected cases almost always have an invasive 
component in addition to the IDC-P. For this 
reason, IDC-P is believed in most cases to repre- 
sent cancerization of benign prostatic ducts 
by high-grade prostate cancer. Thus, IDC-P cells 
can reasonably be labeled cancer cells, even 
though they are a by-product of invasive cancer 
and are not invasive themselves. In the uncommon 
cases (~ 10%) where IDC-P is not associated with 
infiltrating carcinoma, it represents a precursor 
lesion with a high likelinood of developing high- 
grade invasive cancer if left untreated, such that 
it still warrants the term IDC-P.°° 
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The Race to the Basement 


Two recent reviews have argued that Gleason-6 
cancers are not cancer. This opinion was based 
on observations that Gleason-6 cancers are not 
only indolent but also lack certain molecular fea- 
tures of higher-grade cancers that can be aligned 
with the hallmarks of cancer and, perhaps most 
importantly, the claim that these cancers do not 
invade surrounding tissues.*''°* Although the dis- 
cussion above has dispensed with the idea that 
other cancer hallmarks can be used to define can- 
cer (see earlier discussion and Table 1), the idea 
that low-grade cancers do not invade deserves ex- 
tra scrutiny. Supporting evidence for this idea 
included the fact that low-grade prostate cancers 
rarely grow when transplanted into mice, and that 
there is less development of basement membrane 
around high-grade cancers than there is around 
low-grade cancers.*°:** However, the ability to 
grow in mice is not a useful defining feature of can- 
cer, as even high-grade and metastatic prostate 
cancers also often fail to grow as transplants.?°'?° 
Itis also well established that invasive prostate can- 
cer cells, both primary and metastatic, produce 
new basement membrane.?”2° Therefore, the 
presence or absence of basement membrane 
around a cell is not a reliable indicator of invasive- 
ness or malignancy. Of equal or greater impor- 
tance, Gleason-6 cancers can be observed in 
extraprostatic tissue (see Fig. 1A). This observation 
indicates that these cancer cells not only escaped 
their original basement membrane, but invaded 
through benign tissue to escape the prostate. It 
would seem that, this evidence fulfills any logical 
definition of invasiveness as applied to cancer. 


Which Prostate Cancer Cells Invade and 
Metastasize? 


Lavery and Droller** present a somewhat more 


radical argument that Gleason-6 cancers do not 
evolve into higher-grade cancers. Instead, PIN 
can evolve into either a pattern-3 clone or a 
pattern-4 clone. In their model, pattern-3 clones 
give rise to a noninvasive lesion, akin to PIN. 
Only pattern-4 clones are invasive in this model, 
and they arise through a distinct morphologic 
and molecular pathway. As supporting evidence, 
the investigators cited studies of men with metas- 
tases after prostatectomy in which multiple can- 
cers were found in the prostate, but only a single 
clone from each cancer gave rise to metasta- 
ses.°°:°° The investigators illustrate an interesting 
question regarding prostate cancer clones that 
give rise to metastases: If Gleason 3 + 3 = 6 can- 
cers cannot metastasize, then how do Gleason 
3 + 4 = 7 cancers metastasize? 


The two alternatives are that Gleason 3 + 3 = 6 
cancers can evolve into Gleason 3 + 4 = 7 can- 
cers, or that Gleason pattern 4 evolves indepen- 
dently. Both pathways are possible. A recent 
genomic study found that patterns 3 and 4 in 
Gleason 3 + 4 = 7 cancers are essentially 
clonal." This conclusion agrees with common 
observations in prostate pathology. In examining 
prostate cancer metastases, one can find 
pattern-3 glands admixed with higher-grade 
glands (see Fig. 1B).°* Because only cancers 
with pattern 4 or 5 can metastasize, this observa- 
tion indicates that a single cancer cell can pro- 
duce both low-grade and higher-grade progeny. 
Thus low-grade and high-grade glands are likely 
two differentiation states in the same pathway. 
Furthermore, Gleason grade is highly correlated 
with tumor volume; the most parsimonious 
model would be one in which low-grade tumors 
evolve into high-grade tumors as they grow. 
However, one could also explain the data based 
on the increased growth rate of higher-grade car- 
cinomas. It has also been demonstrated that 
high-grade carcinoma can arise de novo without 
going through a pathway of dedifferentiation of 
lower-grade cancers.** There are patients who 
have been followed for many years with cancer 
of Gleason score 6, who then are found to have 
higher-grade cancer. The unresolved issue is 
whether these high-grade cancers represent pro- 
gression of the previously diagnosed lower-grade 
cancer or emergence a new tumor. It can be 
argued that if Gleason score3 + 4=7o0r4 + 
3 = 7 is cancer whereby a prognostic component 
of the cancer is the pattern 3, then when a tumor 
is pure pattern 3 (ie, Gleason score 3 + 3 = 6) 
why would it not still be cancer? 


THE PROBLEM OF DIAGNOSING GLEASON 
SCORE 6 AS CANCER 

Most Prostate Cancers are Not Life- 
Threatening 


Prostate cancer is primarily a disease of older 
men that progresses slowly over the course of de- 
cades. These characteristics, along with its early 
detection via prostate-specific antigen (PSA) 
screening, makes it unlikely that a man diagnosed 
with prostate cancer of Gleason score 6 will die of 
or even be harmed by prostate cancer. 


The Modern Gleason Scoring System 


At present, the best way to assess whether a 
particular man’s cancer poses a risk is to use a 
multivariable instrument, and to date the Gleason 
score has reliably been the most powerful variable. 
When accurately assessed (ie, by thorough 


examination of a radical prostatectomy specimen), 
the Gleason score is a potent predictor of metas- 
tasis and death. The Gleason system defines 5 
morphologic patterns. However, recent modifica- 
tions to Gleason scoring have eliminated patterns 
1 and 2 from common use,°° leaving patterns 3, 4, 
and 5 as the major recognized forms of prostate 
cancer. The Gleason score is the sum of the 
most prevalent and second most prevalent Glea- 
son patterns at radical prostatectomy and the 
sum of the most prevalent and highest Gleason 
patterns on biopsy. Thus, a 3 + 4 = 7 cancer is 
predominantly pattern 3 but also has a pattern-4 
component. Tumors containing only pattern 3 
receive a Gleason Score of 3 + 3 = 6. These 
low-grade cancers do not metastasize,°° and are 
therefore highly unlikely to cause harm. Cancers 
with patterns 4 and 5 are responsible for all or 
nearly all prostate cancer-specific morbidity and 
mortality.°” These are the observations that have 
prompted some experts in the field to question 
whether low-grade Gleason-6 prostate cancer 
merits the label cancer.?':27°8.99 


The Updated Gleason Scoring System Starts at 
6 Out of 10 


One problematic aspect of the current Gleason 
grading system derives from the fact that Gleason 
scores effectively range from 6 to 10. As previously 
noted,°°:*° if men with low-grade cancers are told 
that their Gleason grade is 6 out of a possible 10, 
this can lead to the misunderstanding that low- 
grade cancers are serious and should be treated 
aggressively. 


Overtreatment of Prostate Cancer 


Debate rages as to whether detecting and treating 
prostate cancer saves lives. Indeed, several recent 
high-profile publications argue that treatment of 
low-risk cancer may not.*':*? A major contributor 
to this problem is that only half of the men diag- 
nosed with prostate cancer have life-threatening 
cancer with Gleason grades of 7 or higher, yet 
90% of patients receive radical treatment.*? 
More startling, perhaps, is that treatment rates 
are just as high for the men with the lowest-risk 
cancers as it is for those with higher-risk can- 
cers.*° Thus, because almost half of the men diag- 
nosed with prostate cancer have low-risk disease, 
almost half of the men treated for prostate cancer 
are probably treated unnecessarily. Experts are 
working to more selectively target treatment to 
those most likely to benefit. Selective treatment 
will require that men with indolent cancers forgo 
or delay treatment. However, there are several 
challenges in reassuring a man that his cancer 
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does not need definitive treatment, including anx- 
iety associated with the diagnosis of cancer and 
the vagaries of Gleason grading on small biopsies 
at the time of diagnosis. These challenges, dis- 
cussed next, have motivated several experts to 
ask whether low-grade prostate cancer should 
be labeled as cancer. 


THE PROBLEMS OF NOT DIAGNOSING 
GLEASON SCORE 6 AS CANCER 


Nickel and Speakman?’ cogently argued that 
Gleason-6 prostate cancers are essentially harm- 
less, but should be considered as potential pre- 
cursors of more harmful cancers. Because these 
cancers neither metastasize nor kill, the investiga- 
tors questioned whether it might be appropriate 
to call Gleason-6 cancers “benign disease.” The 
review stands as a useful rhetorical exercise 
in that it aims to break the knee-jerk reflex of 
treating every cancer that is diagnosed. Similarly, 
Esserman and colleagues** more recently pro- 
posed to reclassify cancers without metastatic 
potential as IDLE (indolent lesions of epithelial 
origin) conditions. These investigators bring up 
the analogy of using the term “papillary urothelial 
neoplasm of low malignant potential (PUNLMP)” 
in the bladder. One of the authors of the current 
article (J.I.E.) was the lead author on the article 
proposing the term PUNLMP, such that the cur- 
rent authors have no intrinsic disagreement with 
avoiding the “cancer” word when appropriate, 
so that patients are not unduly worried and not 
overtreated. The critical difference between the 
issue of PUNLMP on transurethral resection of 
the bladder and Gleason 3 + 3 = 6 on needle 
biopsy is sampling. With PUNLMP, the entire 
lesion is typically well visualized and removed in 
toto for histologic examination. With prostate bi- 
opsy showing Gleason score 3 + 3 = 6, there is 
an approximately 25% risk of there being 
higher-grade unsampled cancer. Assume we 
have a patient with a 12-core biopsy with 8 cores 
extensively involved by cancer of Gleason score 
6, with a serum PSA of greater than 10 ng/mL 
and a palpable lesion. Given that this patient 
has a high risk of “upgrade” between biopsy 
and prostatectomy, would we call this an IDLE tu- 
mor, not requiring therapy? If one could virtually 
guarantee that a Gleason score 6 on biopsy was 
representative of the entire tumor, there could 
be a more persuasive case to changing its desig- 
nation. As opposed to the situation with 
PUNLMP, there still remains the issue that even 
if we could be sure there was only cancer present 
of Gleason score 6, there is the potential for pro- 
gression if the cancer is not removed. 
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Of perhaps equal importance is the need to be 
scientifically and logically consistent when defining 
cancer.*° PUNLMP does not have the morphologic 
features of cancer, either cytologically or architec- 
turally. Gleason score 3 + 3 = 6 cancer, in contrast, 
meets scientific, morphologic, and pathologic 
criteria for cancer, as defined across a variety of 
organ sites. 


Risk Associated with Downgrading Gleason 6 
to a Benign Disease 


Diagnostic inaccuracy makes it dangerous to 
dismiss low-grade cancers as benign. Between 
25% and 50% of prostate needle biopsies diag- 
nosed as low grade (Gleason <6) come from men 
with higher-grade disease.*°*° This phenomenon, 
called “upgrading” between biopsy and prostatec- 
tomy, means that men diagnosed with indolent 
prostate cancers often have higher-grade, higher- 
risk cancers missed on biopsy because of sampling 
error or difficulty interpreting small lesions on bi- 
opsy. In addition, as discussed earlier, there is 
experimental and observational data that some 
Gleason-6 cancers can progress to higher-grade 
tumors. Thus, responsible care of aman diagnosed 
with Gleason-6 cancer requires continued follow- 
up to monitor for the appearance of a potentially le- 
thal cancer. If patients diagnosed with Gleason-6 
cancer are told they do not have cancer, it is likely 
that a significant proportion will not be motivated 
to seek continued care and run the risk of devel- 
oping advanced, incurable disease. 


A SOLUTION THAT MATCHES THE BIOLOGY 
WITH THE BEHAVIOR 


Prostate cancer is not the only tumor that is indo- 
lent. Non-melanoma skin cancer, like low-grade 
prostate carcinoma, is morphologically a carci- 
noma yet has a negligible risk of mortality. Patients 
are reassured about the typically benign clinical 
course of these cancers and consequently are not 
overly concerned with their diagnosis, accepting 
conservative treatment. Patients and physicians 
need to be educated about the indolent behavior 
of Gleason-6 tumors and alternatives to immediate 
treatment. To better reflect the risk of harm from 
prostate cancer, Pierorazio and colleagues“? have 
proposed 5 prognostic categories that can be re- 
ported based on prostate biopsy (Table 3). For 
men undergoing radical prostatectomy from 2004 
to 2011, these prognostic grading groups from 1 
to 5 have been associated with 5-year biochemical 
recurrence-free survivals of 94.6%, 82.7%, 65.1%, 
63.1%, and 34.5%, respectively.*° This system re- 
tains the proven prognostic value of the Gleason 
system and allows continued comparison with 


Table 3 
New Gleason scoring system proposed by 
Pierorazio and colleagues (2013) 


5-Year Recurrence- 


Prognostic Gleason Free Survival After 


Grade Group Score Prostatectomy (%) 


2-6 95 
3+4=7 83 
4+3=7 65 
8 63 
9-10 35 


Adapted from Pierorazio PM, Walsh PC, Partin AW, et al. 
Prognostic Gleason grade grouping: data based on the 
modified Gleason scoring system. BJU Int 2013;111:759; 
with permission. 


older literature, while emphasizing for patients 
and physicians that Gleason score 6 should be 
considered in the context of a prognostic category 
of 1 out of 5, not 6 out of 10. This approach will alle- 
viate some of the fear associated with a diagnosis 
of Gleason score 6 “cancer” and give patients a 
more realistic perspective regarding their 
prognosis. 


SUMMARY 


Managing low-grade prostate cancers is a signifi- 
cant challenge, brought on by widespread adop- 
tion of PSA screening. Historically, as many as 
90% of men with prostate cancer receive aggres- 
sive treatment, even if their cancer is classified in 
the lowest risk category.*° As physicians who di- 
agnose this disease and discuss treatment options 
with patients, how do we move toward correctly 
titrating management to fit low-risk patients? 
One option is to shift the classification of low-risk 
prostate cancers into another diagnostic category, 
such as a benign tumor or a tumor of low malig- 
nant potential. This shift is problematic in a biolog- 
ical sense, because low-grade prostate cancers 
clearly fulfill well-established definitions of cancer. 
It would also be problematic in a practical sense, 
because risk classification by Gleason grading is 
often inaccurate and because low-grade cancers 
may progress to high-grade cancers. Rather than 
a new diagnostic category, the authors favor a 
change in prognostic categories.°°7° In the pro- 
posed system, indolent cancers currently scored 
as Gleason 6 out of 10 would be assigned a score 
of 1 out of 5. The more accurate risk assessment 
provided by the new scoring system would be 
the start of a discussion between patients and 
physicians on how best to manage a cancer that 
is likely harmless. 
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cine and Urogenital Reconstruction Adult Urodynamics Guideline was published 
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and management of complex lower urinary tract conditions. This article examines 
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Urodynamics (UDS) is the dynamic study of the storage and voiding function of the 
urinary tract. The goal of the UDS study is to identify the cause of a patient’s voiding 
symptoms, assess prognosis or the results of prior therapy, or direct management 
by collecting quantitative measurements while reproducing the patient’s voiding 
symptoms where appropriate and possible. Several parts of the UDS study are 
customized for each individual to maximize the utility of the test. This article sum- 
marizes the key points to performing a quality UDS study that can evaluate and 
diagnose disorders of the lower urinary tract. 
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Intrinsic sphincter deficiency (ISD) is a pathologic condition that is diagnosed by 
using urodynamics to measure Valsalva leak point pressure and maximal urethral 
closure pressure. The diagnosis can be difficult to reach given natural discrepancies 
in these values in women of different age groups and with varying degrees of incon- 
tinence. By standardizing urodynamic methodologies and interpretations to better 
diagnosis women with ISD, it may be possible to improve preoperative planning 
and outcomes for these patients treated surgically with synthetic midurethral slings. 


Videourodynamics: Indications and Technique 383 


Brian K. Marks and Howard B. Goldman 


Videourodynamics combines fluoroscopic voiding cystourethrography with multi- 
channel urodynamics to better evaluate lower urinary tract symptoms. This article 
reviews current literature and guidelines outlining the indications for obtaining this 
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specialized study as well as technique. Appropriate and judicious use of fluoro- 
urodynamics lends to improved diagnostic acumen in a well-selected patient 
population; however, clinicians must be mindful of the added cost, safety concerns, 
and limitations of its use. 


Urodynamics in Stress Incontinence: When Are They Necessary and How Do 
We Use Them? 


Lysanne Campeau 


Stress urinary incontinence is a prevalent condition that significantly impairs the 
quality of life. This article presents a critical summary of the current literature on 
the use and value of urodynamic studies in the evaluation of stress urinary in- 
continence in women. 


Urodynamics in Male LUTS: When Are They Necessary and How Do We Use Them? 
Lindsey Cox and William I. Jaffe 


In this article, the value of urodynamic studies in the evaluation of treatment of male 
lower urinary tract symptoms is appraised based on current evidence. The informa- 
tion gained by urodynamics can be a valuable tool for counseling patients con- 
sidering invasive outlet reduction procedures. 


Urodynamics in Pelvic Organ Prolapse: When Are They Helpful and How Do 
We Use Them? 


Katie N. Ballert 


The routine use of preoperative urodynamics in the woman considering surgery for 
pelvic organ prolapse is a topic of much debate. This article addresses the use of 
urodynamics in patients with pelvic organ prolapse. It specifically discusses the util- 
ity of urodynamics in the evaluation stress incontinence on prolapse reduction 
(occult stress urinary incontinence) as well as concomitant storage and voiding 
symptoms in these patients. 


Urodynamics for Postprostatectomy Incontinence: When Are They Helpful and 
How Do We Use Them? 


Ying H. Jura and Craig V. Comiter 


Urodynamics is indicated for the evaluation of postprostatectomy incontinence un- 
less an artificial urinary sphincter placement is the preferred option, as in cases of 
severe incontinence, prior radiation, or previous male sling or artificial urinary 
sphincter placement—when male sling is unlikely to achieve efficacy. Urodynamics 
should be performed only when there is a question it can answer that would affect 
treatment choice or outcome. Urodynamic findings of detrusor underactivity, over- 
activity, and reduced compliance are important considerations in deciding how 
best to treat postprostatectomy incontinence. 


Urodynamics in the Evaluation of Female LUTS: When Are They Helpful and 
How Do We Use Them? 


Harriette Scarpero 


Urodynamics remains the test of choice to evaluate lower urinary tract symptoms 
in men and women. Best practices recommend that urodynamics be applied 
to answer a specific urodynamic question. Recent level 1 evidence shows that 
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urodynamics is not necessary for the evaluation of pure clinical stress urinary incon- 
tinence. Urodynamics is also not needed before conservative treatment of overac- 
tive bladder. Urodynamics still has an important role in the evaluation of mixed 
urinary incontinence and voiding lower urinary tract symptoms. The information ob- 
tained assists the clinician in confirmation of the diagnosis, counseling the patient, 
and choosing treatment. 


Urodynamics in the Evaluation of the Patient with Multiple Sclerosis: When 
Are They Helpful and How Do We Use Them? 


Benjamin E. Dillon and Gary E. Lemack 


Multiple sclerosis (MS) is an autoimmune inflammatory disease that results in 
damage to the myelin sheaths of the nerves in the central nervous system. Urinary 
urgency, frequency, and urgency incontinence are the most common symptoms, 
occurring in 37% to 99% of patients. Voiding symptoms (hesitancy, feeling of in- 
complete bladder emptying, and occasionally urinary retention) are also common 
in this population, occurring in 34% to 79% of patients. Traditionally, filling cystom- 
etry combined with pressure/flow studies has been a cornerstone of the initial eval- 
uation of all patients with neurogenic lower urinary tract dysfunction, although 
recently that practice has been challenged. 


Neurogenic Lower Urinary Tract Dysfunction: How, When, and with Which 
Patients Do We Use Urodynamics? 


Teresa L. Danforth and David A. Ginsberg 


Neurogenic lower urinary tract dysfunction (NLUTD) affects many patients and re- 
quires close monitoring. Initial studies establishing patients at risk for upper tract 
disease revealed that high detrusor leak point pressures were predictive of upper 
tract disease. Urodynamics in patients with NLUTD have specific challenges. Initial 
studies in patients after an acute injury should be delayed until after the spinal shock 
phase. In children with spinal dysraphism, studies should be done early to estab- 
lished potential risk. The goals are maintaining low bladder pressures, decreasing 
risk of infection, and maintaining continence. 


Pressure Flow Studies in Men and Women 


Sylvester E. Onyishi and Christian O. Twiss 


Index 


There are well established pressure flow criteria and nomograms for urinary ob- 
struction in men. The pressure flow criteria for female urinary obstruction are not 
well established due to differences in female voiding dynamics as compared to 
men. Typically, other information such as radiographic data and clinical symptoms 
are needed to facilitate the diagnosis. Detrusor underactivity remains a poorly stud- 
ied clinical condition without definitive urodynamic diagnostic criteria. Modalities 
proposed for objective analysis of detrusor function such as power (watt) factor, 
linear passive urethral resistance relation and BCI nomogram were all developed 
to analyze male voiding dysfunction. Overall, further investigation is needed to 
establish acceptable urodynamic criteria for defining detrusor underactivity in 
women. 
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A Clinical Review 


Clinton W. Collins, MD?, J. Christian Winters, MD®™* 


KEYWORDS 


e Uroflow ® PVR è Pressure-flow study ® Videourodymanics ¢ Cystometrogram ® Overactive bladder 
e Stress urinary incontinence ¢ Lower urinary tract symptoms ¢ Pelvic organ prolapse 


e Neurogenic bladder 


KEY POINTS 


e Inwomen with stress urinary incontinence (SUI), urodynamics (UDS) is an option in the preoperative 


assessment. 


e If UDS is performed, urethral function should be measured. 
e In patients with urinary urgency incontinence and mixed incontinence, the absence of detrusor 
overactivity (DO) on a single urodynamic study does not exclude it as a causative agent for their 


symptoms. 


e Patients with relevant neurogenic conditions (at risk for upper tract complications) should undergo 
multichannel cystometrogram or pressure flow study (PFS) whether they have symptoms or not. 


INTRODUCTION 


UDS has long been considered a useful tool for the 
diagnosis and treatment of lower urinary tract 
symptoms (LUTS), incontinence, voiding dysfunc- 
tion, and neurogenic bladder. There has been 
recent controversy regarding the specific role of 
UDS. The Value of Urodynamic Education (ValUE) 
trial reported no improvement in 12-month out- 
comes between women with stress-predominant 
urinary incontinence randomized preoperatively 
to an office evaluation alone versus office evalua- 
tion plus preoperative UDS. However, diagnoses 
were changed in some patients who underwent 
UDS, as the surgeons were more likely to diagnose 
intrinsic sphincteric deficiency and less likely to di- 
agnose overactive bladder (OAB), suggesting that 
UDS did change the clinician's diagnosis before 
surgery.' The utility of pressure-flow studies 


The only way to accurately diagnose bladder outlet obstruction (BOO) is by PFS. 


(PFS) in men before surgery for LUTS secondary 
to benign prostatic enlargement has long been 
debated. The American Urological Association 
(AUA) and the Society of Urodynamics Female Pel- 
vic Medicine and Urogenital Reconstruction 
(SUFU) published guidelines for the use of UDS 
in adults, and this article reviews this update and 
places these findings in clinical perspective. 
Traditionally, physicians have used UDS for the 
following scenarios: (1) to identify factors contrib- 
uting to lower urinary tract dysfunction and assess 
their relevance, (2) to predict the consequences of 
lower urinary tract dysfunction on the upper tracts, 
(3) to predict the consequences and outcomes of 
therapeutic intervention, (4) to confirm and/or un- 
derstand the effects of interventional techniques, 
and (5) to investigate the reasons for treatment fail- 
ure. Because pretesting anxiety and urethral 
catheterization is necessary for some forms of 
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UDS, the risks (bleeding, infection, urethral 
trauma, and pain) should be weighed with the po- 
tential benefits. UDS is not a static diagnostic ex- 
amination that provides a diagnosis for lower 
urinary tract conditions. UDS is an interactive ex- 
amination, which assesses lower urinary tract 
function and serves as an adjunct to the compre- 
hensive evaluation of patients with LUTS. In most 
patients presenting with lower urinary tract disor- 
ders, UDS is usually not necessary in the routine 
initial evaluation or even before empiric treatment 
in most cases. The clinician should always formu- 
late the urodynamic questions before any exami- 
nation. The physician should always ask, “What 
am | hoping to gain from this test? What conditions 
do | need to assess during UDS testing? What 
symptoms need to be reproduced during the ex- 
amination? And, will this test likely change my 
treatment plan?” If the physician cannot answer 
these questions and ensure that the patient com- 
plaints are reproduced, it is unlikely that the testing 
will be beneficial.° 

The AUA/SUFU Urodynamics Guideline in adults 
reviewed publications from January 1990 through 
March 2011 with focus on the use of postvoid re- 
sidual (PVR), uroflowmetry, cystometry, PFS, vid- 
eourodynamic studies (VUDS), electromyography 
(EMG), and urethral function tests (Valsalva leak 
point pressure [VLPP], urethral pressure profile). 
These UDS tests were evaluated by themselves 
or if used in combination with any other UDS 
test. Four lower urinary tract conditions were 
assessed: stress incontinence and pelvic organ 
prolapse (POP), urinary urgency and urgency 
incontinence, LUTS (comprising predominately 
obstructive symptoms), and neurogenic bladder. 
The role of UDS in these urinary conditions was 


Table 1 
AUA nomenclature system 


evaluated in 4 categories: diagnosis, prognosis, 
clinical management decisions, and patient out- 
comes. Studies that did not report findings sepa- 
rately for men and women were excluded. The 
AUA methodology for Guidelines Statements was 
used. Each guideline statement is based on the 
strength of the evidence and is standard in the 
AUA Guidelines process.®” The nomenclature sys- 
tem for establishing guideline statement based on 
levels of evidence is included in Table 1. 

These guidelines offer guidance statements with 
attention given to certain clinical scenarios, repre- 
sented by the various lower urinary tract conditions 
within the guideline. The guideline statements re- 
present the role of UDS in the evaluation in man- 
agement of patients with these urinary disorders. 
Thus, the intent of this guideline is that following a 
symptom assessment, physical examination, and 
incontinence assessment, physicians can deter- 
mine which scenario, and thus which recommenda- 
tion, fits their patient. These differences in clinical 
presentation often guide the decision of whether 
UDS is indicated or not. Taking the guidelines into 
consideration, it is ultimately the physician’s deci- 
sion regarding what is best for each patient. 

There are a total of 19 Guidelines Statements in 
each of the 4 clinical conditions. This article pre- 
sents each Guideline Statement and offers clinical 
context and case scenarios. 


STRESS URINARY INCONTINENCE AND PELVIC 
ORGAN PROLAPSE 


1. Clinicians who are making the diagnosis of uro- 
dynamic stress incontinence should assess 
urethral function. (Recommendation; Evidence 
Strength: Grade C) 


Statement Type: Definition Evidence Strength 


Standards: Directive statements that an action should (benefits 


Grade A or B 


outweigh risks/burdens) or should not (risks/burdens outweigh 


benefits) be undertaken 


Recommendations: Directive statements that an action should 


Grade C 


(benefits outweigh risks/burdens) or should not (risks/burdens 


outweigh benefits) be undertaken 


Options: Nondirective because the balance between benefits and 


Grade A, B, or C 


risks/ourdens seems equal or unclear 


Clinical Principle: Statement about a component of clinical care that 
is widely agreed upon by urologists or other clinicians 


Expert Opinion: Statement achieved by consensus of the Panel that 
is based on members’ clinical training, experience, knowledge, 


and judgment 


Insufficient publications to 
address certain questions 
from an evidence basis 


There may be no 
evidence 


A. During multichannel UDS testing, all the 
instrumentation is in place to assess ure- 
thral function (without additional proce- 
dures). The assessment of urethral 
function is performed by the following tests: 
i. Urethral pressure profilometry/maximal 
urethral closure pressure 

ii. Abdominal leak point pressure (ALPP) 
(Valsalva/cough leak point pressure)— 
this measurement is easily obtained dur- 
ing demonstration of urodynamic SUI. 

B. Because some treatments have been shown 
to be less effective in patients with poor ure- 
thral function,®“'° it is recommended that 
urethral function be evaluated when UDS 
has been determined beneficial in the preop- 
erative evaluation of SUI. In surgeons per- 
forming midurethral sling procedures, there 
are data suggesting that a retropubic sling 
is more effective in patients with intrinsic 
sphincteric deficiency.'' Thus, there may be 
benefit in the assessment of urethral function 
in patients already selected for UDS before 
surgical intervention to help decide which 
procedure may be most effective. 


2. Surgeons considering invasive therapy in pa- 


tients with SUI should assess PVR urine vol- 

ume. (Expert Opinion) 

A. Although the exact threshold for elevated 
PVR is not clearly defined, it seems prudent 
that before performing surgery for SUI, 
which will have an effect on outlet function, 
a PVR assessment should be performed to 
provide information on the emptying status 
before surgery. The PVR assessment is 
safe, of little risk, and serves as a screen 
for disorders of emptying that may be identi- 
fied preoperatively. In addition, this value 
can be a useful comparison in patients who 
develop emptying symptoms after surgery. 

B. Usually, more than one PVR value should be 
obtained, and an elevated PVR should 
prompt further testing. 

. Clinicians may perform multichannel UDS in 

patients with both symptoms and physical find- 

ings of SUI who are considering invasive, 
potentially morbid, or irreversible treatments. 

(Option; Evidence Strength: Grade C) 

A. Information obtained from a UDS study 
before surgery can confirm the diagnosis 
and as stated earlier may facilitate selection 
of the surgical procedure. In addition, these 
studies may provide other confounding data 
(DO or impaired contractility) that may 
enhance preoperative counseling. Although 
it is routinely accepted as an option in the 
evaluation of an uncomplicated case of 
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SUI, preoperative UDS can be considered 
to obtain additional information. Although 
studies have not shown improved outcomes 
with the addition of UDS to the preoperative 
evaluation, diagnoses and treatment deci- 
sions were altered in some cases. '''2 

B. In complex, complicated patients, preoper- 
ative UDS may be particularly helpful. These 
recommendations are congruent with the 
AUA Guidelines in the Surgical Management 
of SUI. That Guideline listed several indica- 
tions for further UDS testing, including the 
inability to make a definitive diagnosis 
based on symptoms and initial evaluation; 
the presence of mixed incontinence; prior 
surgery to the urinary tract, including anti- 
incontinence procedures; known or sus- 
pected neurogenic bladder; negative stress 
test; elevated PVR; grade Ill or greater POP; 
and any evidence of dysfunctional voiding 
(Table 2).'° 


4. Clinicians should perform repeat stress testing 


with the urethral catheter removed in patients 

suspected of having SUI who do not demon- 

strate this finding with the catheter in place dur- 
ing UDS. (Recommendation; Evidence 

Strength: Grade C) 

A. Some patients who complain of SUI or 
demonstrate SUI on examination may not 
leak during UDS with the catheter in place. 
It is recommended that these women should 
have their urethral catheter removed and 
stress testing repeated without the catheter 
in place. More than 50% of women with SUI 
symptoms and up to 35% of men with post- 
prostatectomy incontinence who do not 
demonstrate SUI with the urethral catheter 
in place do so when it is removed. '*:!° 
i. In practice, the voiding study (PFS) is per- 

formed with the catheter in place, the 
bladder is filled with this catheter, and 
the catheter is removed for the attempt at 
demonstrating SUI with the catheter 
removed. Alternatively, the catheter is 
removed, SUI is demonstrated with the 
catheter out, and an uncontaminated 
catheter is replaced for completion of PFS. 


5. In women with high-grade POP but without the 


symptom of SUI, clinicians should perform 
stress testing with reduction of the prolapse. 
Multichannel UDS with prolapse reduction 
may be used to assess for occult stress incon- 
tinence and detrusor dysfunction in these 
women with associated LUTS. (Option; Evi- 
dence Strength: Grade C) 
A. Patients with high-grade anterior and mid- 
dle compartment prolapse should undergo 
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Table 2 
Clinical case scenario 1 (SUI) 


42-y-Old with Chief Complaint of SUI 42-y-Old with Chief Complaint of SUI 


Symptoms: 
Leaks with exertion 
Denies difficulty emptying 


Symptoms: 
Leaks with exertion 
Denies difficulty emptying 


No urgency symptoms or UUI Has moderate urgency without UUI 


History: 
No prior GU surgery 


History: 
Previous bladder lift 


No comorbidity No comorbidity 


Physical examination: 
Urethral hypermobility 
No prolapse 
1 Stress test 
PVR 20 mL 


Physical examination: 
Urethral hypermobility 
No prolapse 
1 Stress test 
PVR 20 mL 


Recommendation: 


Recommendation: 


Discussion of treatment options Pressure flow studies with ALPP assessment 


Discussion: 

In this patient, the scenario is that of 
uncomplicated SUI symptoms with a normal 
PVR and positive stress test result. It is 
reasonable in this scenario to proceed to 
discussion of treatment options including 
surgery without UDS tests 


Discussion: 

In this patient, the scenario is that of complex 
storage symptoms of urgency and SUI. In 
addition, a previous procedure was 
performed. This scenario is more 
complicated, and preoperative UDS may be 
helpful. When doing UDS in this complex 
setting, urethral function should be 
measured 


Abbreviations: GU, genitourinary; UUI, urgency urinary incontinence. 


stress testing with the prolapse reduced. In 
these patients without LUTS, a stress test 
without the prolapse is all that may be 
needed, if the decision to repair the pro- 
lapse has been made. In women with 
concomitant LUTS, this may be performed 
during multichannel UDS testing to evaluate 
these symptoms. '° 

B. There are a significant number of women 
who have occult SUI (stress incontinence 
demonstrated after reduction of the pro- 
lapse) detected, and surgical intervention 
for SUI should be considered in these 
patients.'7'1® 

C. Those performing prolapse reduction 
should be mindful that the instruments 
used to reduce prolapse (pessary, vaginal 
pack, or ring forceps) can produce BOO 
by compressing the urethra, which may 
mask SUI or increase VLPP (Table 3). 


OVERACTIVE BLADDER, URGENCY URINARY 
INCONTINENCE, MIXED INCONTINENCE 


1. Clinicians may perform multichannel filling 
cystometry when it is important to determine 
if altered compliance, DO, or other urodynamic 


abnormalities are present (or not) in patients 

with urgency incontinence in whom invasive, 

potentially morbid, or irreversible treatments 
are considered. (Option; Evidence Strength: 

Grade C) 

A. Filling cystometry is the most precise way to 
obtain information relative to bladder stor- 
age. In patients with urinary storage symp- 
toms, such as urgency and frequency, 
cystometry is the most appropriate way to 
assess storage and filling pressures. 

B. Although UDS may not precisely predict 
outcomes of treatment, it may aide in symp- 
tom correlation in patients with mixed 
incontinence. 19:20 

C. Ifa patient has concomitant disorders, such 
as failed medical management of OAB, SUI, 
or BOO, identifying and treating these con- 
ditions could possibly improve patient 
outcome. 


2. Clinicians may perform PFS in patients with ur- 


gency incontinence after bladder outlet proce- 

dures to evaluate for BOO. (Expert Opinion) 

A. Patients who have undergone anti- 
incontinence procedures and have refractory 
OAB symptoms (with or without inconti- 
nence) may have these symptoms resulting 


Table 3 
Clinical case scenario 2 (POP) 
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77-y-Old with Chief Complaint of Vaginal Bulge 77-y-Old with Chief Complaint of Vaginal Bulge 


History: 
Failed pessary x 3 
Denies SUI or urgency 
Denies difficulty emptying bladder 
Not sexually active 
S/p hysterectomy 


History: 


Failed pessary x 3 

Denies SUI, 11 urgency 

1 Moderate difficulty emptying bladder 
Not sexually active 

S/p hysterectomy 


MI 2 y ago MI 2 y ago 


Physical examination: 
Total prolapse 
Cuff at 1 6 


POPQ Stage 4 
PVR 48 mL 
Recommendation: 
Stress test with prolapse reduction 


Discussion: 

In this scenario, this patient has no associated 
LUTS or SUI. If the decision has been reached 
to perform POP surgery because of 
bothersome prolapse symptoms, a stress test 
with the prolapse reduced will reveal 
whether patient is at significant risk for 
postoperative occult SUI. Multichannel UDS 
is optional if all of the necessary information 
has been obtained during this testing 


Physical examination: 


Total prolapse 
Cuff at 1 6 
POPQ Stage 4 
PVR 48 mL 


Recommendation: 


UDS including pressure flow study with ALPP 
assessment after prolapse reduction 


Discussion: 


In this patient, there is associated storage 
symptoms such as urgency, and there are 
emptying LUTS as well. This complex 
constellation of symptoms may be better 
assessed with UDS, and the stress testing 
with prolapse reduction can be performed in 
this setting. Thus, all the desired information 
pertaining to LUTS and whether or not 
occult SUI will be obtained 


Abbreviations: MI, myocardial infarction; POPQ, pelvic organ prolapse quantification; S/p, status post. 


from BOO. Although there is no established 
urodynamic standard for women, elevated 
detrusor pressure and decreased flow are 
highly suggestive of BOO. This information 
could then be used to counsel patients 
regarding further treatment options. 

i. Consistent and perpetual elevated PVR 
after SUI surgery and significant change 
in LUTS after outlet procedure are so sug- 
gestive of BOO that UDS is likely unnec- 
essary, and treatment of obstruction 
should be considered. 

B. It is reasonable to perform PFS on women 
with storage LUTS not responding to con- 
servative treatments to rule out the possibil- 
ity of BOO. 

. Clinicians should counsel patients with urgency 
incontinence and mixed incontinence that the 
absence of DO on a single urodynamic study 
does not exclude it as a causative agent for 
their symptoms. (Clinical Principle) 

A. The technical limitations of urodynamic tests 
do not allow for the detection of DO (the 
urodynamic finding of involuntary contrac- 
tions of the bladder) in some patients, despite 
level of symptomatology. Because of these 


limitations, it is recommended that testing 
be performed in such a way that symptoms 
be replicated as precisely as possible. 


NEUROGENIC BLADDER 


1. Clinicians should perform PVR assessment, 


either as part of complete urodynamic study or 

separately, during the initial urologic evaluation 

of patients with relevant neurologic conditions 

(eg, spinal cord injury, myelomeningocele) and 

as part of ongoing follow-up when appropriate. 

(Standard; Evidence Strength: Grade B) 

A. The Panel defines relevant neurologic con- 
ditions as those neurogenic disorders of 
lower urinary tract dysfunction that may pre- 
dispose a patient to upper tract complica- 
tions or renal impairment (Table 4).?1-?3 

B. Although PVR alone may not provide all the 
information necessary to make a treatment 
recommendation, it can be helpful in deter- 
mining if further testing is indicated. 


. Clinicians should perform a complex cystome- 


trogram (CMG) during initial urologic evaluation 
of patients with relevant neurologic conditions 
with or without symptoms and as part of 
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Table 4 
Classification of common neurogenic lower 
urinary tract conditions by upper tract risk 


Other NLUT 
Disorders (Little Risk 
of Upper Tract 


Relevant NLUT 
Disorders (Risk of 
Upper Tract 


Complication) Complication) 


Spinal cord injury Parkinson disease 
Transverse myelitis Brain tumor 


Cerebrovascular 
accident 


Radical pelvic surgery Lumbar disc disease 
Men with multiple Women with 
sclerosis multiple sclerosis 
Radical pelvic surgery 
Any NGB disorder 
with upper tract 
complications 


Myelomeningocele 


ongoing follow-up when appropriate. In patients 

with other neurologic diseases, physicians may 

consider CMG as an option in the urologic eval- 
uation of patients with LUTS. (Recommenda- 

tion; Evidence Strength: Grade C) 

A. In patients presenting with neurogenic lower 
urinary tract (NLUT) disorders, patients with 
relevant conditions that may predispose 
them to upper tract risk should undergo a 
PFS (or cystometry if not voiding) despite 
whether or not they are having symptoms. 
In these patients, the initial study should be 
performed after the period of spinal shock 
has resolved. In these patients, the UDS is 
not only diagnostic but also prognostic.?°:74 
i. In patients with relevant NLUT disorder 

with poor compliance or elevated detru- 
sor leak point pressures on UDS, treat- 
ment needs to be directed at lowering 
urinary storage pressure even in the 
absence of symptoms. 

ii. Risks of infection and autonomic dysre- 
flexia (AD) should be considered before 
proceeding with UDS in this patient 
population. 


3. Clinicians should perform PFS in patients with 


relevant neurologic disease with or without symp- 

toms or in patients with other neurologic disease 

and elevated PVR or urinary symptoms. (Recom- 

mendation; Evidence Strength: Grade C) 

A. In patients with NLUT disorders that pose 
minimal upper tract risk, multichannel UDS 
(PFS or cystometry if not voiding) may be 
used selectively if there are symptoms or 
signs that suggest failure of empiric treat- 
ment, change in the bladder condition, or 


that a more complicated clinical picture 

has evolved. 

i. Thus multichannel studies should be 
performed on any patient with NLUT dis- 
order with any of the following condi- 
tions: elevated PVR, hydronephrosis, 
pyelonephritis, complicated urinary tract 
infections, or frequent episodes of AD. 

ii. Patients who continue to leak involun- 
tarily between catheterizations may 
benefit from multichannel UDS. 

iii. Benign prostatic hyperplasia, OAB, and 
SUI can coexist in patients with neuro- 
genic bladder (NGB). UDS may aid in diag- 
nosis and may help guide potential therapy 
and monitor treatment outcomes.7°*’ 


. When available, clinicians may perform fluoros- 


copy at the time of UDS, VUDS, in patients with 

relevant neurologic disease at risk for NLUT 

dysfunction or in patients with other neurologic 
disease and elevated PVR or urinary symp- 
toms. (Recommendation; Evidence Strength: 

Grade C)**:28 

A. Benefits of fluoroscopy during UDS include 
the following: 

i. Delineating specific sites of obstruction 
(bladder neck or external sphincter) 
ii. Identifying the presence and grade of 
vesicoureteral reflux 
1. Identifying the urodynamic parame- 
ters that are present at the time of 
reflux 
iii. Identifying anatomic and physical abnor- 
malities of the bladder and urethra. 

B. Simultaneous fluoroscopy and cystometro- 
gram and PFS provide more information 
than that gathered from performing each 
test separately. 


. Clinicians should perform EMG in combination 


with CMG with or without PFS in patients with 

relevant neurologic disease at risk for NGB or 

in patients with other neurologic disease and 

elevated PVR or urinary symptoms. (Recom- 

mendation; Evidence Strength: Grade C)*°:*° 

A. The most important measurement provided 
by EMG testing is to determine whether 
perineal contractions are coordinated or un- 
coordinated with detrusor contractions. This 
testing modality is useful to assist in the 
diagnosis of detrusor external sphincter 
dyssynergia (DESD). 

i. The major limitation to EMG testing is its 
nonspecific nature, as EMG signals mea- 
sure not only the external urethral 
sphincter but also the external anal 
sphincter and pelvic floor musculature. 
Needle electrodes may facilitate isolation 


of the urethral sphincter but require sig- 
nificant operator experience. 

ii. The EMG signals need to be taken in 
context of those gathered from fluoros- 
copy and UDS. 

iii. Benefits include the ability to diagnose 
DESD, which is characterized by invol- 
untary contraction of external urethral 
sphincter during detrusor contraction 
(Table 5) 


LOWER URINARY TRACT SYMPTOMS 


AUA/SUFU Adult Urodynamics Guideline 


i. This test may identify patients with signif- 
icant urinary retention, and treatment is 
guided based on these findings along 
with the clinical assessment. 

B. PVR measurement is enhanced by more 
than 1 test, as the results may be variable. 
Treatment should not be guided by 1 PVR 
measurement alone. 

C. An elevation in PVR does not distinguish 
between BOO or impaired bladder contrac- 
tility. Further testing (PFS) may be needed to 
make this distinction. 


. Uroflow may be used by clinicians in the 


For the purposes of the UDS Guideline, LUTS was 
confined to obstructive LUTS, because the role of 
UDS was examined in the area of storage LUTS in 
the section on urinary urgency and urgency 
incontinence. 


initial and ongoing evaluation of men with LUTS 
that suggest an abnormality of voiding/ 
emptying. (Recommendation; Evidence 
Strength: Grade C) 

A. Similar to PVR, uroflow represents a nonin- 


1. Clinicians may perform PVR in patients with vasive screen of bladder emptying status. 


LUTS as a safety measure to rule out significant 
urinary retention both initially and during 
follow-up. (Clinical Principle) 

A. Most would agree that PVR measurement 
(particularly when done by ultrasonography) 
is a low-risk and minimally invasive assess- 
ment, which may be useful in screening pa- 
tients with obstructive LUTS. 


This test is also subject to significant artifact 
and may have great variability, but it may be 
useful during the initial evaluation and can 
monitor patients who have undergone 
treatment.?':°2 

B. There are little data on the use of uroflow to 
provide guidance on its most appropriate 
use. 


Table 5 
Clinical case scenario 3 (NLUT dysfunction) 


22-y-Old Man with Chief Complaint of Urinary 47-y-Old Woman with Chief Complaint of 
Incontinence Between Catheterization Urinary Urgency and Urgency Incontinence 
History: History: 

Thoracic-level SCI MS dx'd 4 y ago 

Performs CIC 4-5 x daily No difficulty with emptying bladder 

Denies difficulty with catheterization No UTIs or pyelonephritis 

1 Incontinence between catheterization; no No prior surgery 

febrile UTIs 


Physical examination: 
Normal genitalia 


Physical examination: 
Normal genitalia 


Spastic lower extremities No prolapse 


Recommendation: Recommendation: 


Videourodynamics PVR followed by empiric therapy 
Discussion: Discussion: 

In this scenario, the patient has a spinal cord In this scenario, this female patient has 
injury, which places him at significant risk for minimal risk to predispose to upper tract 
the development of upper tract complications. In this setting, it is reasonable 
complications if left unmanaged. This to screen with a PVR assessment and proceed 
patient should undergo videourodynamics to empiric therapy. An elevation in her PVR, 
regardless of symptoms to evaluate his nonresponse to therapy, or an intervening 
upper tract risk. In addition, the LUT complication may warrant additional 
dysfunction predisposing to leakage multichannel UDS tests. However, in this 
between catheterizations can be delineated setting, screening and empiric treatment 
as well would be appropriate because of her 

minimal risk of upper tract complications 


Abbreviations: CIC, clean intermittent catheterization; MS, multiple sclerosis; UTI, urinary tract infection. 
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3. Clinicians may perform multichannel filling 


cystometry when it is important to determine 

if DO or other abnormalities of bladder filling/ 

urine storage are present in patients with 

LUTS, particularly when invasive, potentially 

morbid, or irreversible treatments are consid- 

ered. (Expert Opinion) 

A. The panel still believes that in certain pa- 
tients, the finding of significant DO or poor 
compliance on CMG could alter treatment 
recommendations or lead the physician to 
counsel the patient differently. 

i. Thus, the panel believes that in some pa- 
tients, CMG is an acceptable diagnostic 
study for the evaluation of patients with 
LUTS. 


. Clinicians should perform PFS in men when it is 


important to determine if urodynamic obstruc- 

tion is present in men with LUTS, particularly 

when invasive, potentially morbid, or irrevers- 

ible treatments are considered. (Standard; Evi- 

dence Strength: Grade B) 

A. The use of PFS in men as a routine diag- 
nostic test before elective surgery for 
benign prostatic enlargement remains a 


long-standing controversy. There are many 
studies that address this issue, and clearly 
the results are inconclusive. These answers 
are elusive as there are limitations in study 
design and variability of outcome measure- 
ment. Despite this, there are a significant 
number of trials demonstrating that PFS 
are predictive of outcomes after prostatec- 
tomy. The only definitive way to obtain a 
diagnosis of BOO is by PFS, which demon- 
strates high voiding pressure and low uri- 
nary flow.°?** 

B. There are also other concomitant findings 
(significant DO or poor compliance) that 
could alter treatment recommendations or 
lead the physician to counsel the patient 
differently before elective surgery.°° 

C. Itis clear that if the diagnosis is uncertain, or 
there is a complex presentation of LUTS in 
men, the only way to obtain an accurate 
diagnosis of obstruction is through PFS. In 
these patients, PFS should be performed. 

D. In other men presenting with uncomplicated 
obstructive LUTS, the only way to obtain ur- 
odynamic diagnosis of obstruction is by 


Table 6 
Clinical case scenario 4 


67-y-Old Man with Chief Complaint of LUTS 37-y-Old Man with Chief Complaint of LUTS 
Symptoms: Symptoms: 
1 Weak stream and intermittent flow 1 Weak stream and intermittent flow 
incomplete emptying urinary urgency incomplete emptying urinary urgency 
Failed medical management Failed medical management 


Physical examination: Physical examination: 


Moderately enlarged prostate Normal prostate 
Diagnostics: Diagnostics: 

Voided volume: 150 mL Voided volume: 150 mL 

Maximum flow: 9 mL/s Maximum flow: 9 mL/s 

PVR: 130 mL PVR: 130 mL 


Recommendation: Recommendation: 


Surgery (TURP or equivalent outlet procedure) VUDS and cystoscopy 
Discussion: Discussion: 

In this scenario, this gentleman has obstructive In this scenario, there are several factors that 
LUTS. His age, prostatic enlargement, and represent a complicated setting of male 
diagnostic studies strongly suggest (but do LUTS. This patient's young age and his small 
not definitively diagnose) obstruction. In prostatic size are not common in the 
this setting, proceeding to surgery is presentation of male LUTS. In this setting, a 
reasonable. Urodynamics is an option to diagnosis of obstruction should be sought 
evaluate for any other factors that may (and the only way to obtain the diagnosis of 
influence treatment or patient counseling obstruction is PFS). A cystoscopy should be 

considered to rule out anatomic 
abnormalities. Thus, in this complex 
scenario, PFS is recommended. VUDS should 
be considered to more precisely localize the 
level of obstruction 


Abbreviation: TURP, transurethral resection of the prostate. 


PFS. As discussed earlier, PVR and uroflow 
cannot determine if obstruction is present or 
not if interpreted alone. Thus, if a urody- 
namic diagnosis of obstruction is deemed 
necessary, the only way to do that is 
via PFS. 


5. Clinicians may perform PFS in women when it is 


important to determine if obstruction is present. 

(Recommendation; Evidence Quality: Grade C) 

A. Although studies have failed to correlate 
PFS findings with surgical outcome in 
women, the use of PFS is still considered 
beneficial in some women before interven- 
tion. In women with LUTS after anti- 
incontinence procedures or with significant 
obstructive symptoms, PFS may assist in 
obtaining the diagnosis of obstruction, 
which may influence management.°°°” 

B. The diagnosis of obstruction in women re- 
mains less straightforward than that in 
men, and PFS results should be taken in 
context with other clinical findings.°° °° 

. Clinicians may perform VUDS in properly 

selected patients to localize the level of 

obstruction, particularly for diagnosing primary 
bladder neck obstruction (PBNO). (Expert 

Opinion) 

A. VUDS evaluation (PFS with fluoroscopy) is 
useful in select women with LUTS. The use 
of VUDS is the only diagnostic tool that 
can document pressure/flow parameters 
and localize functional bladder-neck and 
external urethral sphincter anatomy. As 
such, these studies can differentiate be- 
tween PBNO, dysfunctional voiding, and 
DESD. 

i. Fluoroscopy is the only way to obtain the 
diagnosis of PBNO. The PFS findings of 
high voiding pressure and low urinary 
flow associated with radiographic confir- 
mation of a nonrelaxing (closed) bladder 
neck during voiding are necessary to di- 
agnose this rare condition (Table 6). 
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Keys to Performing A Quality UDS Study 
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KEY POINTS 


e The clinician should identify the clinical questions that the urodynamics (UDS) study is intended to 
answer, properly design. the study to.answer those. questions, and be able to adapt the study as 


necessary. 


e The UDS study should be performed interactively and with continuous communication with the 
patient to confirm that their symptoms have been reproduced. 

e Careful observation of signals is important to assess their qualitative and quantitative plausibility, 
such that artifacts can be recognized and corrected during the study. 

e The quality and results of the UDS study are operator-dependent and are only as good as the clini- 


cian who performs and interprets the study. 


e A well-done UDS study may be invaluable in the diagnosis of lower urinary tract conditions, or as- 
sessing prognosis and response to therapy, or directing management; however, a poorly done 


study may be misleading and potentially harmful. 


INTRODUCTION 


Urodynamics (UDS) is a collection of measure- 
ments of bladder, urethral, and pelvic floor muscle 
function with or without fluoroscopy (videourody- 
namics or VUDS) in an attempt to evaluate and di- 
agnose functional, and sometimes anatomic, 
disorders of the lower urinary tract. The goal of 
performing UDS studies in many cases is to repro- 
duce a patient’s lower urinary tract symptoms 
while making precise measurements to identify 
the underlying causes for their symptoms.' In 
other cases, UDS are performed to assess prog- 
nosis or the results of prior therapy or to direct 
optimal therapy. UDS studies are invasive, uncom- 
fortable, and potentially morbid. It is therefore 
imperative to optimize the quality of the study to 
maximize the useful information that can be 
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obtained. When possible, UDS should be per- 
formed interactively with the patient, which in- 
cludes confirmation with the patient throughout 
the study that their symptoms or conditions have 
been reproduced during the test. 


COMPONENTS OF UDS 


UDS comprises different components that can be 
used individually or collectively to gain information 
about urine storage and evacuation. In performing 
a quality study, a working knowledge of each com- 
ponent and their role is important to understand. 


Postvoid Residual 


Postvoid residual (PVR) is an assessment of bladder 
emptying and can be performed by ultrasound/ 
bladder scan or catheterization. An elevated PVR 
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can be an indication of a bladder-emptying problem, 
but cannot distinguish the cause of the problem, 
such as bladder outlet obstruction (BOO) or detrusor 
underactivity or a combination of both. PVR can be 
assessed using ultrasound, either in real-time or by 
portable bladder scan, or via catheterization. In 
obese patients or those with ascites, or prior 
lower abdominal surgery, bladder scan is inaccurate 
and real-time ultrasound or catheterization is 
preferred.” ’ 


Uroflowmetry 


Uroflowmetry is a noninvasive measurement of 
the rate of urine flow over time. It can also be 
used to assess bladder emptying but cannot 
be used alone to diagnose the cause of an abnor- 
mality. For example, a low maximum flow and 
plateaued pattern on uroflowmetry cannot distin- 
guish between BOO and impaired detrusor 
contractility. Other patterns are easily recognized 
but are also not completely diagnostic: a super- 
flow pattern implies decreased urethral closure 
forces but may be due to volitional abdominal 
straining, whereas a saw-toothed pattern sug- 
gests Valsalva voiding but may be due to intermit- 
tent voluntary or involuntary contraction of the 
external sphincter or pelvic floor (Fig. 1). It is 
imperative in all circumstances to query the pa- 
tient as to whether their usual voiding pattern or 
behavior was accurately reflected on the noninva- 
sive uroflowmetry study. 
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Fig. 1. Uroflowmetry pattern suggestive of Valsalva 
voiding or pelvic floor dysfunction. 


The most commonly used uroflowmeters are 
mass flow meters, such as those that use a gravi- 
metric method or a rotating disc method. Uroflow- 
meters that use a gravimetric meter operate by 
measuring the accumulated weight of the 
collected fluid or by measuring the hydrostatic 
pressure at the bottom of a collection cylinder. 
Rotating disc instruments use the voided fluid 
directly on a rotating disc to increase the inertia 
of the disc. The power required to keep the disc 
rotating at a constant rate is measured and is pro- 
portional to the mass flow rate of the fluid.* 


Filling Cystometry 


Filling cystometry is a measurement of the pres- 
sure/volume relationship during bladder filling. It 
is performed using measurements of intravesical 
pressure (Pves) and intra-abdominal pressure 
(Pabd) to calculate the detrusor pressure (Pdet = 
Pves — Pabd). The key features of bladder storage 
function obtainable with filling cystometry include 
sensation, cystometric bladder capacity, compli- 
ance, and presence of involuntary detrusor con- 
tractions or detrusor overactivity (DO).° Leak 
point pressures, an assessment of urethral func- 
tion, are also assessed during filling cystometry. 
These features will be discussed in greater detail 
later. 


Pressure-Flow Study 


The relationship between bladder pressure and 
urine flow rate is measured during bladder 
emptying. The pressure-flow study is currently 
the only method of diagnosing BOO and/or 
impaired detrusor contractility (or detrusor under- 
activity). There are 3 fundamental voiding states 
that can be diagnosed by the pressure-flow study, 
which include obstruction, impaired detrusor 
contractility, and normal.° During the pressure- 
flow urodynamic study (PFUD), several parameters 
are assessed: detrusor contractility, coordination 
of the detrusor and outlet, bladder emptying, and 
the presence or absence of UDS obstruction. 


Electromyography 


Electromyography (EMG) is the measurement of 
the electrical signals produced by the depolariza- 
tion of muscle membranes.° EMG studies can be 
performed using either surface electrodes or nee- 
dle EMG, which is more invasive, to measure elec- 
trical activity from the pelvic floor muscles. EMG is 
measured throughout the UDS study during both 
the filling and the emptying phases. The EMG 
tracing is used to assess the coordination or dis- 
coordination of the external urethral sphincter 
and the detrusor contraction. 


Fluoroscopy 


When the UDS study is combined with an imaging 
modality, the anatomy and physiology of the lower 
urinary tract can be simultaneously assessed, 
which is referred to as VUDS. The use of fluoros- 
copy provides anatomic information about the 
bladder, bladder neck, and urethra during filling 
and voiding that could not otherwise be obtained 
during the study without fluoroscopy. This portion 
of the study is useful for assessing for vesicoure- 
teral reflux (VUR) as well. 

Fluoroscopic images may be obtained at various 
points throughout the study. Before starting the 
study, a scout film is obtained to identify any sur- 
gical hardware or bladder stones before the 
contrast-filled bladder obscures them. Images 
can be captured during early bladder filling to 
assess the contour of the bladder and identify any 
possible filling defects. Next, asequence of images 
taken at rest and then during abdominal strain/Val- 
salva maneuvers is used to assess mobility of the 
bladder base, bladder neck, and urethra as well 
as the competence of the bladder outlet and ure- 
thra. Multiple fluoroscopic images taken during 
voiding can evaluate the bladder neck and urethra 
as well as document the presence or absence of 
VUR. Images of the bladder and the upper tracts 
(kidneys, ureter, bladder, flat plate x-ray [KUB]) 
can be obtained to assess VUR, bladder or urethral 
diverticula, and other potential pathologic abnor- 
malities. Because most VUDS studies are done in 
the seated position using a C-arm apparatus for 
imaging, anterior-posterior imaging is most com- 
monly used. However, there are instances where 
oblique or lateral images are superior, such as 
when assessing for bladder diverticula, cystocele, 
and urethral stricture.” 


PRETEST CONSIDERATIONS 


To perform a quality UDS study, the clinician must 
identify the clinical questions that the UDS study is 
intended to answer before any testing is per- 
formed. To do so, the clinician needs a working 
knowledge of the patient’s history, physical exam- 
ination findings, frequency/volume charts, and any 
other information to identify clinical relevant find- 
ings during the UDS study.° A bladder diary per- 
formed before the UDS study that records 
voided volumes can be used to correlate the pa- 
tient’s bladder diary capacity to the cystometric 
capacity obtained during the study. These capac- 
ities should be plausibly similar to appropriately 
reproduce the patient’s symptoms. Pad testing 
can be used to quantify the amount of urine lost 
during incontinence episodes, which can provide 
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valuable information before the UDS study. Small 
amounts of leakage can suggest stress urinary in- 
continence, whereas large amounts of leakage 
can be suggestive of urge urinary incontinence. 
For the incontinent patient, either of these condi- 
tions may be demonstrated; however, it is para- 
mount to relate the condition seen on UDS study 
to the patient’s primary complaint to ensure that 
the symptoms, or condition, are reproduced by 
the finding on the UDS study. 

The clinician should design the UDS study to 
answer the clinical questions and customize the 
study as needed. For example, in a patient who 
complains of symptoms of mixed urinary inconti- 
nence, the test may be conducted to assess for 
the predominant type of incontinence. Repro- 
duction of the patient’s incontinence is critically 
important, especially to the extent that it repro- 
duces the patient’s symptoms. In such a patient, 
stress maneuvers, change in positioning, or pro- 
vocative maneuvers (hand washing and so on) 
may be necessary to induce the symptoms. In 
contrast, for the patient with neurogenic voiding 
dysfunction in which potential compliance issues 
are most important, such maneuvers are unneces- 
sary and even counterproductive. In the patient 
with vaginal prolapse, a repeat study with a pes- 
sary may be needed (see later discussion). In the 
patient with possible BOO, every effort should 
be made to produce a detrusor contraction 
because the voiding phase of the UDS study is 
likely the most relevant. BOO cannot be defini- 
tively diagnosed without a detrusor contraction. 
Sometimes, in those individuals with difficulty initi- 
ating a void, a detrusor contraction might be 
induced by a change in position or a rapid filling 
rate. 

In deciding when to perform a VUDS over a UDS 
study, the clinician should consider whether ob- 
taining simultaneous fluoroscopic images would 
improve the ability to detect and understand the 
underlying pathologic abnormalities, such as spe- 
cific sites of obstruction, presence and grade of 
VUR, and anatomic abnormalities of the bladder. 
The American Urological Association (AUA) Guide- 
lines for Adult Urodynamics recommends that 
VUDS be performed in patients with relevant 
neurologic disease who are at risk for neurogenic 
bladder, or in patients with other neurologic dis- 
ease and elevated PVR or urinary symptoms.® 
The AUA Update Series on Urodynamics Best 
Practices recommends that VUDS be performed 
in those patients at high risk for voiding dysfunc- 
tion, such as those with known or suspected 
neurogenic bladder, prior radical pelvic surgery, 
urinary diversion, renal transplant, or prior pelvic 
radiation.” Further discussion about indications 
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and techniques for performing VUDS is covered 
elsewhere in this issue. 

For the safety of the patient, it should be 
confirmed that the patient is not experiencing a uri- 
nary tract infection (UTI) before the UDS study.° 
For those patients who perform intermittent cathe- 
terization or have indwelling catheters, it may not 
be possible to sterilize the urine before the UDS 
study, but it is important to ensure that the patient 
is asymptomatic to differentiate between bacterial 
colonization and active infection. If the patient is 
experiencing a UTI, then the UDS study should 
be postponed until the patient is free of infection. 

Finally, before the UDS study, patients should 
be well informed about why the test is being 
done and what to expect during the actual UDS 
test. Providing reassurances to the patient before 
the start of the study can reduce anxiety felt by 
the patient.° 


PERFORMING THE STUDY 


Positioning of the patient for the UDS study should 
account for the patient’s functional status, the 
symptoms that the clinician would like to repro- 
duce, and the patient’s normal voiding habits. If 
the patient only experiences urinary incontinence 
while in the standing position, then the filling 
portion of the study should be performed with 
the patient standing. If a patient only voids while 
sitting, then the voiding portion of the study should 
be performed with the patient in the seated posi- 
tion. To obtain the best study results, the goal is 
to make the testing experience as close to the pa- 
tient’s normal voiding experience as possible. 

UDS pressure measurements are obtained via a 
transducer catheter, which converts pressure into 
an electrical signal that is displayed as a tracing. '° 
There are many different types of transducers, 
which include air-charged, fluid-filled, microtrans- 
ducers, and fiberoptic systems. The International 
Continence Society (ICS) recommends fluid-filled 
transducers to be used for Pves and Pabd record- 
ings.' For simultaneous measurement of intraves- 
ical pressure and for bladder filling, the ICS 
recommends a transurethral double-lumen cath- 
eter. For the measurement of abdominal pres- 
sures, the ICS recommends the use of a rectal 
balloon catheter with the balloon only filled to 
10% to 20% of its unstretched capacity.' In female 
patients, placement of the rectal catheter in the 
posterior vaginal vault is an acceptable alternative 
that provides comparable results. 

UDS catheters should be zeroed to atmospheric 
pressure before insertion, and the ICS recom- 
mends strict adherence to its standardization 
of zero pressure and standard height.'° Zero 


pressure is defined as the value recorded when a 
transducer that is disconnected from any tubes or 
catheters is open to the environment, or when the 
open end of a fluid-filled tube is at the same level 
as the transducer.' The ICS defines the reference 
height as the upper edge of the symphysis pubis. 

UDS catheters are inherently uncomfortable 
during placement except in patients who are 
insensate or who are on regular intermittent cath- 
eterization. Such discomfort with catheter place- 
ment can result in artifacts during the study, 
especially abnormal sensation of filling, as well 
as suppression of normal micturition. In some indi- 
viduals, placement of intraurethral topical lido- 
caine jelly may reduce discomfort associated 
with catheterization and thereby alleviate some 
anxiety about the procedure as well as facilitate 
voiding by reducing the catheter-associated 
dysuria. Whether such administration of topical 
anesthetic changes bladder sensation with filling 
and thus alters the qualitative or quantitative re- 
sults and findings of the study is unclear. 


Filling and Storage 


The patient should be instructed to void before the 
start of the UDS study in a private bathroom. On 
entry into the UDS room, and under sterile condi- 
tions, the patient is catheterized per urethra and 
the bladder is emptied before the start of the 
study, providing an accurate assessment of PVR. 
The catheters are placed and the filling phase 
then commences. 

Throughout the study, the clinician should main- 
tain continuous communication with the patient to 
confirm that their symptoms have been repro- 
duced. In addition, the clinician should be carefully 
observing the signals to assess their qualitative 
and quantitative plausibility. When the quantitative 
result of a UDS study appears very abnormal or 
does not represent a plausible result in that partic- 
ular clinical setting, alternative considerations 
should be considered.'' The study should also 
be adjusted or repeated if the clinician cannot at 
first answer the questions that were posed at the 
start of the study.° It may be necessary to perform 
provocative maneuvers, which the ICS has defined 
as techniques used during UDS in an effort to pro- 
voke DO, such as rapid filling, use of cooled or acid 
medium, postural changes, and hand washing. '* 


Fill Rate and Capacity 


When choosing a fill rate, the clinician needs to be 
aware that a standard fill rate cannot be applied to 
every patient. A fill rate that is too rapid can induce 
involuntary detrusor contractions, the appearance 
of impaired compliance, or an artifactually low 


cystometric bladder capacity. For children, pa- 
tients with neurogenic bladder or urinary diversion, 
anuric patients, or patients with known small ca- 
pacity bladders, a slower fill rate is preferred. 
Generally, a starting fill rate of 50 to 70 mL/min is 
acceptable for the adult patient because it mini- 
mizes artifact yet allows the study to be completed 
in a reasonable amount of time.” 

Appropriate filling volumes should be attained to 
facilitate micturition and should be representative 
of the patient’s normal circumstances. Therefore, 
it is helpful to have a frequency volume chart (or 
the more comprehensive voiding diary) before 
the UDS study to have an estimate of functional 
bladder capacity. 


Sensation 


Bladder sensation is judged by 3 defined points 
during the filling cystometry and is evaluated in 
relation to the bladder volume at that moment 
and in relation to the patient’s symptomatic com- 
plaints.'* The 3 sensory landmarks associated 
with performing a filling cystometry are first sensa- 
tion of bladder filling, first desire to void, and 
strong desire to void. The ICS defines first sensa- 
tion of bladder filling as the feeling when the pa- 
tient first becomes aware of bladder filling. First 
desire to void is defined as the need to pass urine 
at the next convenient moment, but voiding can be 
delayed if necessary. Strong desire to void is 
defined as the persistent desire to void without 
the fear of leakage.'* The patient should be in- 
structed on each of these 3 sensory landmarks 
and reminded to report each sensation at regular 
intervals throughout the filling study. 


Leak Point Pressure Testing 


Abdominal leak point pressure (ALPP), also known 
as the Valsalva leak point pressure, is defined as 
the lowest intravesical pressure at which urine 
leakage occurs because of increased abdominal 
pressure in the absence of a detrusor contrac- 
tion.'* The ALPP can be used as an assessment 
of urethral competence and documentation of 
leak point pressures establishes the diagnosis of 
UDS stress urinary incontinence. ALPP should be 
distinguished from a detrusor leak point pressure 
(DLPP), which is defined as the lowest detrusor 
pressure at which urine leakage occurs in the 
absence of either a detrusor contraction or 
increased abdominal pressure.'* DLPP is not 
used to directly measure continence or sphincter 
function, but is a useful parameter for assessing 
risk to the upper urinary tract as a result of 
elevated storage pressures. '° 
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ALPP Testing 


Although universal guidelines do not exist for the 
performance of ALPP across UDS laboratories, 
such testing should be standardized in each indi- 
vidual center so as to obtain reproducible and 
internally usable quantitative assessments of ure- 
thral function. Such testing should be done with 
a standard size and type of urethral catheter (usu- 
ally dual lumen 7-8 Fr), in a standard position 
(sitting, standing, and so on), at a standard volume 
(150 cc, 200 cc, capacity, and so on), with a stan- 
dard set of maneuvers (cough, Valsalva, graded or 
not, and so on). The ALPP measurement should 
never be performed at the time of an involuntary 
detrusor contraction, resulting in an artifactually 
low assessment of urethral function. 

In patients with vaginal prolapse, reduction of 
the prolapse may be necessary to accurately 
assess the ALPP, as well as completely assess 
related voiding phase dysfunction later in the 
study. In such individuals, it can be instructive to 
perform the entire UDS study with and without 
the vaginal prolapse appropriately reduced with 
a pessary or vaginal packing. 

In some patients, an ALPP may not be apparent 
during the study despite multiple attempts to pro- 
duce it. In such cases, it may be helpful to remove 
the vesical catheter from the urethra, leaving the 
abdominal catheter in situ, and repeat testing us- 
ing the abdominal catheter for the pressure 
measurement. 


DLPP Testing 


DLPP was initially described as a method to pre- 
dict risk for upper urinary tract deterioration as a 
result of increased lower urinary tract storage 
pressures in myelodysplastic children. '° For those 
patients with decreased bladder compliance and 
urinary incontinence as a result of neurogenic 
bladder dysfunction, DLPP testing can be a useful 
tool to assess risk to the upper urinary tract. A 
DLPP greater than 40 cm H20 is considered haz- 
ardous to the upper tracts, whereas patients with 
a DLPP less than 40 cm H20 commonly do not 
experience upper urinary tract deterioration in 
the absence of other complicating factors such 
as infection or VUR. However, some individuals 
may experience upper tract deterioration at 
DLPP at somewhat less than 40 cm H20 and 
thus monitoring of such patients should be 
strongly considered. 


Compliance 


Compliance describes the relationship between 


change in bladder volume and change in detrusor 
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pressure and is calculated by dividing the volume 
change by the change in detrusor pressure during 
that change in bladder volume.'* The ICS recom- 
mends that the 2 standard points used to calculate 
compliance should be at the start of bladder filling 
and then at cystometric capacity or immediately 
before the start of any detrusor contraction that 
causes significant leakage. Normal compliance 
should be greater than 12.5 mL/cm H20.° 

In patients at risk for upper urinary tract deterio- 
ration as a result of increased lower urinary tract 
storage pressure, compliance should be assessed 
carefully. Rapid bladder filling, infection, or long- 
standing indwelling catheter may be associated 
with an artifactually impaired compliance. A pro- 
longed involuntary bladder contraction can also 
be misinterpreted as impaired compliance. In 
those patients with apparent impaired compliance 
on UDS testing, bladder filling should be stopped 
and the intravesical pressure examined to distin- 
guish between impaired compliance (Pdet will 
remain elevated) and a prolonged involuntary de- 
trusor contraction (Pdet will eventually return to 
near baseline). Finally, high-volume VUR or 
decompression into a large bladder diverticulum 
will result in artifactually low filling pressures and 
an overestimate of bladder compliance in patients 
who are at risk. 


Involuntary Detrusor Contractions (DO) 


DO is a UDS observation characterized by involun- 
tary detrusor contractions during the filling phase, 
which may be spontaneous or provoked. Phasic 
detrusor overactivity is a pattern of DO defined 
by a characteristic waveform and may or may 
not lead to urinary incontinence. Per the ICS stan- 
dardization documents, there is no lower limit to 
the amplitude that defines DO, but confident inter- 
pretation of low-pressure waves of less than 5 cm 
H20 depends on “high-quality” UDS technique. '2 
DO may occur during the filling portion of the 
study, which may or may not be suppressible. In 
fact, the ICS has updated the definition of DO so 
that it no longer includes the statement “involun- 
tary detrusor contraction which the patient cannot 
completely suppress.”'* A single involuntary de- 
trusor contraction that occurs at cystometric ca- 
pacity, which cannot be suppressed and results 
in incontinence and bladder emptying, is termed 
terminal detrusor overactivity. An “after contrac- 
tion” is a phasic increase in Pdet of significant 
amplitude, which occurs at the end of micturition 
with an empty bladder. The significance of such 
a contraction is unclear and may represent artifact 
from catheter malpositioning or true lower urinary 
tract pathologic abnormality. 


Overall, the finding of DO may be clinically 
relevant or not. In patients without complaints of 
frequency, urgency, or urgency urinary inconti- 
nence, the finding of DO may be artifactual and 
irrelevant if it does not reproduce any of the pa- 
tient’s clinical symptoms. In such individuals, DO 
may be found in 14% to 18%.'*:'° In contrast, up 
to 50% of women with complaints of overactive 
bladder, symptoms with urgency incontinence will 
not demonstrate DO on UDS studies. Provocative 
maneuvers, such as hand washing, and changes in 
position may induce DO in those individuals in 
whom it is suspected but not demonstrated. 


Emptying 


Micturition is typically a private activity for most 
patients, so reproducing normal voiding habits in 
a Clinical UDS laboratory can be challenging. It is 
essential to create an environment that promotes 
privacy and maximal comfort for the patient in 
this highly unusual setting. In order for the UDS 
study to adequately answer the clinical questions, 
the patient should be instructed to void as they 
normally void at home, despite the artificial clinical 
setting. Patients should be questioned on whether 
the void during the UDS study reproduces their 
usual voiding pattern at home. For example, if 
the patient states that they push or strain during 
urination, then the UDS clinician should ensure 
that the voiding portion of the UDS study reflects 
that pattern. Alternatively, a straining pattern on 
the voiding portion of the UDS study that does 
not reproduce the patient’s usual voiding habit is 
of minimal diagnostic value. A prestudy noninva- 
sive uroflowmetry can be used to compare with 
the pressure-flow study of the UDS to ensure 
that they approximate each other. If not, the UDS 
Clinician must decide which best represents the 
patient’s voiding pattern and which is artifactual. 
Many patients find that initiating a void during 
the UDS study extraordinarily difficult. Some of 
these factors may be environmental, such as at- 
tempting to void in front of others, with a catheter 
in the urethra, under fluoroscopy (in the setting of 
VUDS), and so on. Some patients have pain with 
urination and the anticipation of the pain, espe- 
cially with a urethral catheter in place, may inhibit 
patients from voiding during the study. Other pa- 
tients may have a long-standing history of “bashful 
bladder” or psychogenic inhibition, which is a con- 
dition characterized by the inability to initiate or 
maintain micturition in situations where there is a 
perception of scrutiny by others.’° Reducing the 
number of personnel in the UDS laboratory during 
the study, the use of privacy screens, and the use 
of a “white noise” generator or playing relaxing 


music are maneuvers that can help reduce the 
“clinical” environment of the UDS laboratory and 
consequently help the patient feel more relaxed. 
Hearing running water from the sink faucet or bath- 
ing the patient’s hands in warm water can help a 
patient initiate micturition. There are times when 
it may be necessary to have all the personnel leave 
the UDS laboratory and monitor the study 
remotely, or returning only after the patient has 
begun voiding.'’ Despite all of these maneuvers, 
there will be some patients who will still be unable 
to void. In this scenario, the intravesical catheter 
can be removed and the patient asked to void 
again in case the urethral catheter was preventing 
the patient from voiding (whether it be from an 
anatomic obstruction or from psychogenic inhibi- 
tion). Data from Pves would be lost, but uroflow- 
metry combined with the Pabd tracing and 
fluoroscopic images if performing VUDS can be 
informative. If this fails, then all transducers and 
EMG patches/needles should be removed and 
the patient should be asked to void for a noninva- 
sive uroflowmetry. If the patient is still unable to 
void for a noninvasive uroflowmetry, then a PVR 
measurement should be performed. 


Obstruction 


BOO is the generic term for obstruction diagnosed 
on a pressure-flow study during voiding and is 
characterized by a high detrusor pressure and a 
low flow rate.'* The ICS recognizes that BOO 
has been defined for men but as of yet has not 
been adequately defined for women and children. 
Also, the diagnosis of BOO can only be made dur- 
ing UDS in the setting of a detrusor contraction. 
Thus, BOO cannot be diagnosed in the setting of 
a Valsalva void. However, other clinical entities 
can mimic BOO during a pressure-flow study, 
such as dysfunctional voiding, unrecognized 
pelvic organ prolapse, or pelvic floor/external 
sphincter spasm secondary to pain from catheter- 
ization. It is therefore important to recognize these 
clinical scenarios during a UDS study to prevent a 
misdiagnosis of BOO. 


Coordination 


Normal micturition begins with a relaxation of the 
bladder outlet and external sphincter followed by 
a detrusor contraction of adequate magnitude 
and duration to empty the bladder. The outlet 
should remain open until satisfactory bladder 
emptying is completed. Failure of the sphincter 
to relax or stay completely relaxed during micturi- 
tion is considered abnormal. Causes of incom- 
plete coordination of the external sphincter and 
the detrusor muscle include detrusor sphincter 
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dyssynergia (DSD), dysfunctional voiding, and 
pain from the catheterization during the UDS 
study. DSD is defined as a detrusor contraction 
concurrent with an involuntary contraction of the 
urethral and/or periurethral striated muscle. '? It is 
caused by a neurologic lesion in the suprasacral 
spinal cord and true DSD can only occur when 
there is a known neurologic lesion above the sacral 
micturition center. If there is no neurologic lesion, 
then the lack of coordination is considered to be 
a learned behavior known as dysfunctional void- 
ing. It is characterized by an intermittent and/or 
fluctuating flow rate caused by involuntary inter- 
mittent contractions of the pelvic floor striated 
muscles during voiding in neurologically normal in- 
dividuals. '* The disorder is well described in chil- 
dren, but can be seen in adult men and women 
complaining of lower urinary tract symptoms. 
When diagnosing dysfunctional voiding on UDS 
studies, a noninvasive uroflowmetry should be 
performed for comparison to rule-out a test- 
induced phenomenon such as pain from the ure- 
thral catheter.° 


Contractility 


Bladder contractility depends on several factors, 
including pharmacologic, neurologic, smooth 
muscle, and others. Appropriate filling volumes 
should be attained to facilitate micturition. Under- 
filling or overfilling during UDS will result in an un- 
derestimation of detrusor contractility. Therefore, 
it is helpful to have a voiding diary before the 
UDS study to have an estimate of functional 
bladder capacity. 

Normal detrusor function during voiding is 
defined as a voluntarily initiated continuous detru- 
sor contraction that leads to complete bladder 
emptying within a normal time span, and in the 
absence of obstruction.'* Abnormal detrusor ac- 
tivity can be subdivided into detrusor underactivity 
and acontractile detrusor. Detrusor underactivity 
is defined as a contraction of reduced strength 
and/or duration, resulting in prolonged bladder 
emptying and/or a failure to achieve complete 
bladder emptying within a normal time span.'* If 
bladder contractility cannot be demonstrated dur- 
ing the UDS study, then it is considered an acon- 
tractile detrusor. Such a diagnosis of detrusor 
acontractility should not be applied unless the pa- 
tient’s voiding pattern during the UDS study is 
representative of the patient’s usual voiding 
pattern and is confirmed not to be caused by the 
environmental circumstances of the study. These 
2 states of abnormal bladder contractility can 
occur for various reasons including neurologic 
conditions and diabetes. However, pain from 
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catheterization or psychogenic inhibition (bashful 
bladder) may result in temporary suppression of 
the micturition reflex and an apparent diminished 
contractility. A diagnosis of abnormal detrusor ac- 
tivity should not be applied unless the patient’s 
voiding pattern, as reflected by detrusor acontrac- 
tility, is representative of their usual voiding pattern 
at home and is confirmed not to be caused by the 
environmental circumstances of the study. 


ARTIFACT RECOGNITION 


It is important to understand that PFUDs are per- 
formed under very abnormal conditions. It is an 
attempt to reproduce a very private event (urinary 
filling and voiding) under nonphysiological and 
very public conditions. The filling medium is not 
isotonic with urine; it is infused at a nonphysiolog- 
ical rate and temperature, through an indwelling 
catheter in the company of other individuals. This 
event introduces considerable potential artifact. 
Filling fluid should be infused at a reasonable filling 
rate as described above. The filling fluid may be 
warmed to near body temperature. One of the 
more common issues encountered during a UDS 
study is that of psychogenic inhibition when a pa- 
tient is unable to void normally when asked to do 
so during the study. Techniques to help relax the 
patient include playing relaxing music, limiting 
the staff members in the room, and running water 
in the sink. At times, it may be necessary to step 
out of the examination room and monitor the study 


remotely or quickly return when the patient has 
begun voiding to capture the information 
needed. '” 

Artifacts during a UDS study can be either phys- 
iologic or technical in nature. When a physiologic 
event occurs that transiently affects the accuracy 
of one or more pressure measurements, it is 
considered a physiologic artifact.'° A common 
physiologic artifact is a result of rectal contractions 
that cause an increase in abdominal pressure 
without an increase in intravesical pressure 
(Fig. 2), resulting in a spurious decline in detrusor 
pressure. A variety of technical artifacts can occur 
during UDS testing and are largely due to equip- 
ment failure, such as a kink in the intravesical cath- 
eter. Artifacts should be recognized early and 
corrected immediately. 

Coughs are used to confirm that the intravesical 
and abdominal catheters are transmitting 
adequately and that the pressures are responding 
equally. The ICS recommends performing a cough 
test every 1 minute or 50 mL of infused volume. 
These repeated assessments of pressure signals 
are especially important for those patients at 
increased risk of artifacts, which includes women 
with pelvic organ prolapse, morbidly obese pa- 
tients, and following repositioning from the seated 
or standing position.'° Breathing or talking may 
cause minor variations in the intravesical and 


abdominal pressures, but these should be similar 
for both pressures and not reflected in the detrusor 
pressure. 
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Fig. 2. Rectal contractions. A rise in Pabd (red arrows) without a rise in Pves, caused by rectal contractions, results 


in a spurious decline in Pdet (black arrows). 
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Fig. 3. All of the EMG leads lose contact, causing loss of EMG signal ea red arrows). Flaring of EMG signal 


because of loss of one EMG lead (green arrows). 


Increases in abdominal pressures caused by 
Valsalva or coughing should be reflected in the in- 
travesical pressure such that the 2 signals are 
mirror images of each other. When the signals 
from Pabd and Pves do not mirror each other, 
the clinician should be concerned for a signal 
mismatch. Common causes for signal mismatch 
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include problems with tubing connections, air in 
the tubing of a water-filled system, failure to 
charge an air-charged system, or positioning 
problems with the catheters. 

EMG is susceptible to technical artifacts that 
can result in erroneous electrical activity on the 
EMG. Any electrical device operating near the 


LABORIE 
13956 min 
100 


Pdet 
-223 
105 « 

cm H20 


Volume 


Fig. 4. The uroflowmetry measurement device is inadvertently bumped resulting in an erroneous recording of 


the urinary flow rate and voided volume (red arrow). 
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UDS system that has the potential to create a 
60-cycle line voltage can be a source of EMG arti- 
fact.'® Improper grounding or placement of elec- 
trodes can also produce an inaccurate EMG 
signal. Other common sources of EMG artifact is 
when voiding across a patch electrode causes it 
to become wet and when a patch loses adherence 
to the skin (Fig. 3). 

Artifacts occurring during uroflowmetry should 
be immediately recognized and corrected when 
possible. A common artifact is when the uroflow- 
metry measurement device is inadvertently 
bumped, resulting in an erroneous recording of 
the urinary flow rate and voided volume (Fig. 4), 
and in a very recognizable sharp spike on the 
flow signal line. Another common uroflowmetry 
artifact is when the voided volume of urine is not 
completely captured by the collection funnel dur- 
ing the study, resulting in an underestimate of 
voided volume as well as flow rate. Particularly in 
men, the intravesical catheter should be carefully 
secured as to not interfere with the flow of urine 
from the meatus. 


POSTSTUDY CONSIDERATIONS 


The AUA best practice statement for urologic 
surgery antimicrobial prophylaxis recommends 
antibiotic prophylaxis for UDS only in patients 
with risk factors.’ These risk factors include 
advanced age, anatomic anomalies of the urinary 
tract, poor nutritional status, smoking, chronic 
corticosteroid use, immunodeficiency, external- 
ized catheters, colonized endogenous/exogenous 
material, distant coexistent infection, and pro- 
longed hospitalization. 

Interpretation of the UDS study should occur in 
real-time during the study and are discussed else- 
where in this issue. 


SUMMARY 


UDS is a collection of tests that when combined 
provides useful information with respect to urinary 
bladder filling/storage and emptying. The quality 
and results of the UDS study are operator- 
dependent and are only as good as the clinician 
who performs and interprets the study. In perform- 
ing a quality UDS study, the clinician should formu- 
late the UDS questions to be answered, properly 
design the study to answer those questions, be 
able to adapt the study as necessary, and recognize 
and correct artifacts that occur during the study. 
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KEY POINTS 


Stress urinary incontinence has historically been classified into 3 separate types based on anatomic 
configuration, urethral hypermobility, and urethral function; traditionally, these classifications 
helped.direct surgical. treatments. 

Urodynamics is a tool used to differentiate between types of stress incontinence. In spite of practice 
guidelines from the International Continence Society, not all aspects of urodynamic testing are 
standardized and the test can be challenging to perform. 

Intrinsic sphincter deficiency (ISD) is diagnosed by using urodynamics to measure Valsalva leak 
point pressure or maximal urethral closure pressures (MUCP), which can be difficult to interpret 
given natural variations in MUCP in both continent and incontinent women, and the potential 
different techniques that can be used during testing. 

Retropubic midurethral slings may have a higher success rate than transobturator midurethral 
slings in women with ISD. 

Being able to more accurately diagnose ISD before surgery may allow for the tailoring of surgical 


procedures to patients thereby improving success rates. 


INTRODUCTION 


Intrinsic sphincter deficiency (ISD) is a pathologic 
condition that can lead to female stress urinary in- 
continence (SUI), a condition that affects approx- 
imately 22% of women aged 45 to 64 years.’ SUI 
is currently defined by the International Conti- 
nence Society (ICS) as “the complaint of involun- 
tary loss of urine on effort or physical exertion or 
on sneezing or coughing.”” Clinically, one will 
observe leakage of urine per urethra provoked 
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by synchronous activity that increases intra- 
abdominal pressure (ie, coughing, Valsalva). In 
women, the causes of SUI are multifactorial, but 
to some degree are attributable to urethral hyper- 
mobility, impaired sphincteric function, or a com- 
bination of the two. Defining the causes of SUI 
was believed to be helpful when counseling pa- 
tients about the available surgical options and 
response to therapy, but as will be discussed 
later, this article is no longer as important, due 
to advances in the surgical techniques. 
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HISTORY 


In an effort to facilitate appropriate diagnosis and 
treatment, SUI was classified by Green in 1962 
based on the anatomic configuration of the 
bladder and the urethra. Type | SUI was defined 
as the loss of a normal posterior urethrovesical 
angle and support of the bladder neck. On fluoros- 
copy, one would visualize a straightening of the 
posterior urethrovesical angle to greater than 
180° with straining. Urethral pressure measured 
by urodynamics would show a maximal urethral 
closure pressure (MUCP) in the proximal urethra 
to be greater than 20 cm H20.° Women with 
Type IlI SUI demonstrated not only straightening 
of the posterior urethrovesical angle but also expe- 
rienced hypermobility of the proximal urethra and 
bladder neck, which was seen as a shift down 
and back of greater than 3 cm (vs only 2-3 cm in 
those with Type | SUI) with straining. Again, the 
MUCP was measured greater than 20 cm H3O. 
In both Type | and Type II SUI, a rise in intra- 
abdominal pressure is not equally distributed be- 
tween the bladder and the posterior urethra once 
the urethra has descended out of its normal 
anatomic position. The increased pressure experi- 
enced by the bladder relative to the urethra pro- 
duces a pressure differential and facilitates 
leakage.*° In the 1970s, McGuire reported an 
additional cause of SUI, which has since been 
labeled Type IIl. In these patients, there was no 
urethral hypermobility, but the bladder neck and 
proximal urethra did not function properly, which 
was thought to be associated with low closure 
pressures.° Type Ill SUI was also referred to as 
ISD and is associated with an MUCP less than 
20 cm H20.°” 

Historically, the clinical categorization of SUI 
was considered an important factor in the determi- 
nation of treatment, specifically which surgical 
intervention to use. Certain surgical interventions, 
like injection of urethral bulking agents, which are 
aimed at augmenting compression and increasing 
resistance of the mid- to proximal urethra, were 
found to improve symptoms in some women with 
Type III SUI, but still had higher failure rates in pa- 
tients with both low Valsalva leak point pressures 
(less than 60 cm H20) and MUCPs (less than 
20 cm H,0).®° Retropubic urethral suspension 
procedures, which are aimed at preventing 
mobility of the bladder neck and urethra, were 
found to be most effective in those with Type | or 
Type Il SUI.'° Mechanistically, these findings 
made conceptual sense and further supported 
the categorization of SUI. With the advent of 
the suburethral sling procedure, first placed at 
the bladder neck and more recently placed at the 


midurethra, the categorization of SUI has become 
less important as the sling has been deemed 
effective in all categories of SUI.'' However, there 
is continued interest in predicting response to sur- 
gery as some evidence suggests slightly improved 
dry rates following a sling for women with urethral 
hypermobility versus those with ISD. 1? 


USING URODYNAMICS TO EVALUATE SUI 


When it is important for the clinician to establish 
the cause and type of SUI, urodynamics is 
commonly utilized. The goal of urodynamics in a 
patient presenting with SUI is to objectively mea- 
sure, in a way that is quantifiable, the lower urinary 
tract function of each patient and to find a physio- 
logic reason for their subjective symptoms. The 
2002 ICS “Good Urodynamic Practices” report 
recommends first obtaining a clear history, 
including a voiding diary, and performing a thor- 
ough physical examination, which could include 
a cough stress test. The clinician may also want 
to obtain noninvasive urinary flow rate and post- 
void residual urine volume measurement if 
indicated by the clinical scenario. However, if at- 
tempting to define the types of SUI, invasive uro- 
dynamics (filling cystometry, pressure flow) 
would be needed. Invasive urodynamics uses a 
pressure transducer in the bladder and the rectum 
(or vagina) along with electromyography, which is 
most commonly obtained by surface electrode 
patches on the anal sphincter, measures lower uri- 
nary tract function, and helps identify the pathol- 
ogy behind the lower urinary tract symptoms. 
Urodynamic measures include bladder capacity; 
bladder compliance; abdominal leak point pres- 
sure (ALPP) (which can be induced by Valsalva 
leak point pressure or cough [cough leak point 
pressure]); MUCP; and the presence of observa- 
tions such as detrusor overactivity, bladder outlet 
obstruction, detrusor sphincter dyssynergia, and 
underactive detrusor contraction. '° 

To standardize measurements during urody- 
namics, the ICS recommends establishing a detru- 
sor pressure of zero at the start of the study by 
equalizing the vesicle and abdominal pressure 
transducers. ° For fluid-filled systems, a reference 
height is established at a height that is equal to that 
of the upper edge of the pubic symphysis (as 
opposed to air charged, which do not require 
this reference point). A dual lumen transurethral 
catheter is usually used to measure intravesical 
pressure and allow for simultaneous bladder filling. 
A rectal (or vaginal) catheter is used for the mea- 
surement of abdominal pressure. It is also recom- 
mended that the display include 3 measurement 
channels: a method of displaying and storing 


pressure data; the ability to accurately measure 
pressure from 0 to 250 cm H20, flow from O to 
50 mL/s, and volume up to 1000 mL; and a stan- 
dard scale for displaying data. All equipments 
should be appropriately and regularly calibrated. 
To help achieve accurate measurements, the ICS 
recommends assuring that resting values are 
appropriate, abdominal and intravesical pressures 
vary similarly with breath or movement, and that 
coughs are regularly used to be sure of equivalent 
abdominal and intravesical response. Finally, it is 
suggested that urodynamic testing should be 
repeated to confirm reproducibility of the results 
before initiating treatment. '* 

Even with these guidelines in place, urodynamic 
testing can be challenging. There are many addi- 
tional factors that can be altered during testing. 
These alterations undoubtedly affect results and 
are without standardized guidelines from the ICS 
currently. These will be discussed in greater detail 
later with specific relation to ISD. Additionally, the 
reliability and reproducibility of urodynamics has 
been discussed by the ICS. During the evaluation 
of SUI, and specifically ISD, careful attention is 
paid to the values of ALPP and MUCP. There are 
no standard recommendations for positioning dur- 
ing urodynamics, and in a 2002 study out of UCLA, 
the effect of positioning on leak point pressure was 
evaluated. Thirty-seven patients with SUI and 4 
with mixed incontinence underwent measurement 
of leak point pressures while in supine, semire- 
cumbent, and standing positions. They found 
that leaking occurred with less intravesical pres- 
sure as the patient went from supine to standing 
position. '° 

It has been noted in the literature that there are 
differences in MUCP depending on the type of 
catheter used. In a 2008 prospective study by 
Zehnder, 64 women were randomized to undergo 
MUCP measurements first with either an air- 
charged catheter or a microtip catheter used. 
MUCP was then measured again with the other 
type of catheter. Mean MUCP was significantly 
higher with the use of an air-charged catheter, 
but the repeatability of measurements was stable 
for both catheters. Therefore, although the mea- 
surement of MUCP may be trusted to be repro- 
ducible for a given woman, it is challenging to 
establish reference ranges and compare data 
across studies without standardization of catheter 
type.'© 


USING URODYNAMICS TO DIAGNOSE ISD 


ISD is believed to be due to deficiencies in the 
urethral and periurethral tissues that result in 
weakness of the sphincteric mechanism. These 
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weaknesses can result from age, pregnancy, and 
childbirth; the development of a neurologic injury; 
or from previous surgical or radiation therapies. 
Clinically, urethral function is objectively measured 
by ALPP and MUCP. ALPP is defined by the ICS as 
the intravesical pressure at which urine leakage 
occurs due to increased abdominal pressure in 
the absence of a detrusor contraction. MUCP is 
the highest pressure, relative to bladder pressure, 
generated along the length of the urethra. The liter- 
ature has suggested that both a low MUCP and 
ALPP be used to diagnose ISD,'’ and the cutoff 
values most commonly recommended are an 
ALPP less than 60 cm H2O and a MUCP less 
that 20 cm.'® 

Part of the challenge with reliably diagnosing 
ISD with urodynamics is a lack of true consensus 
on how exactly the ALPP and MUCP are 
measured. McGuire initially described ISD as be- 
ing a loss of tone that manifested itself as a low 
proximal urethral pressure. He advocated using 
fluoroscopy during urodynamics to appropriately 
position a catheter in the proximal urethra while 
measuring urethral pressures, as this was the 
“part of the urethra concerned with resistance to 
abdominal pressure as an expulsive force.”'° In 
the early 1990s, McGuire introduced a new urody- 
namic measure that he believed was better corre- 
lated with ISD, the ALPP. 

McGuire’s technique for testing ALPP is as 
follows: first the flow pressure of the system 
must be zeroed. Then, the bladder is filled at 
60 mL/minute until the bladder contains approxi- 
mately 200 to 250 mL of fluid. The patient is placed 
in an upright position, maintaining the transducer 
at the height of the pubic symphysis, and is asked 
to perform a slow, progressive Valsalva until 
leakage occurs. He recommends repeating the 
study several times to obtain an average abdom- 
inal pressure at the moment of leakage.° 

As mentioned, a diagnosis of ISD is based on 
abnormal measurements of ALPP and MUCP. 
Hosker published a recent review of the literature 
focusing on the methods used to obtain these 
values clinically. From the studies he referenced 
it is clear that there is no set consensus on how 
exactly urodynamics is to be performed and inter- 
preted when trying to identify ISD. Although it ap- 
pears that the urologic community agrees that 
ALPP of 60 H2O is a requirement for diagnosing 
ISD, there were different definitions for the cutoff 
for MUCP. Most studies used an MUCP of 20 cm 
H20, but some used 15 H20 or 30 H20 as their 
parameter for ISD. 

Furthermore, the methodologies for measuring 
MUCP and ALPP varied significantly. They were 
measured with an empty bladder, with the bladder 
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at capacity up to 500 mL, withi50 mL in the 
bladder, with 250 mL in the bladder, and with a 
bladder volume between 200 and 300 mL. Patient 
positioning and catheter size were also not stan- 
dardized. Measurements were obtained in the 
semirecumbent, standing, and upright sitting posi- 
tions. Catheter sizes ranged from 7 to 10 French. 
Further divergence in technique could develop 
when considering the other components of urody- 
namic testing such as catheter withdrawal speed, 
viscosity of bladder fluid, rate of infusion, and the 
use of a Valsalva or a cough.” 

Typically, MUCP is measured at rest, as 
opposed to ALPP, which is measured during an 
increase in intra-abdominal pressure, which simu- 
lates the real world scenario that leads to leakage. 
MUCP may reflect underlying deficiencies in the 
sphincteric function, but may miss deficiencies 
that are only notable during increases in intra- 
abdominal pressure. In addition to the association 
with degree of incontinence, MUCP has been 
found to correlate strongly with age, which sug- 
gests that the aging process weakens the intrinsic 
function of the urethra even in continent women. 
MUCP is also significantly decreased in women 
who have previously had _anti-incontinence 
surgery.?7 

In Table 1, examples of normative urodynamic 
values of MUCP in women of various ages who 
are either continent or with stress incontinence 
are displayed. In both groups, MUCP is seen to 


Table 1 
Maximal urethral closure pressure by age group 


Women 
with ISD 


<20 mm H20 


Women with SUI 


MUCP 
20-29: 70.35 (63.6-77.1) 
30-39: 61.38 (59.3-63.5) 


40-49: 54.44 (53.31-55.8) 


50-59: 38.30 (47.0-49.6) 
60-69: 39.42 (37.7-41.1) 
70-79: 32.72 (30.5-34.9) 
80+: 26.82 (21.52-32.1) 


MUCP <20 mm H20 in 5.8% of women? 


Abbreviation: Cl, confidence interval. 


Age group: mean (95% Cl) 


decrease with age, but there is a wide range of 
MUCP in each age group, making it difficult to 
interpret and establish diagnoses. Of note, there 
are women who are continent and yet have 
MUCFP less than 20 mm H20. Given this evidence 
that MUCP can vary with age and degree of incon- 
tinence, it complicates the interpretation of these 
data for diagnosis of ISD. 

The natural decrease of MUCP with age is 
partially attributable to the loss of urethral tissue. 
For example, the density of circular smooth mus- 
cle is 25% to 50% higher in women in their 20s 
or 30s compared with that of women in their 70s 
of 80s.*4 Additionally, the number of striated mus- 
cle cells in the ventral wall of the urethra has also 
been noted to decrease over time, especially in 
the proximal urethra, just distal to the bladder 
neck. Over time, the mucosa also thins, connec- 
tive tissue volume increases, and there is a loss 
of proteoglycans, all of which can lead to de- 
creases in the urethral wall apposition.”° Finally, 
MUCP has been noted to decrease steadily by 
about 15% with each decade of life.2° On mag- 
netic resonance imaging, it is possible to visualize 
the differences in urethral tissue between an 
elderly and a young woman. In Figs. 1 and 2, the 
urethra of an 81-year-old woman is compared 
with that of a 22-year-old woman. Although there 
is no reported methodology for measuring muscle 
thickness of the female urethra, it is easily discern- 
able that there is a significant disparity in bulk. 


Continent Women 


Age group: median (interquartile 
range) 
Premenopausal: 49 (37-72) 
Perimenopausal: 35 (29-46) 
Postmenopausal: 44 (33-43)? 
Age group: mean (95% Cl) 
20-29: 92.43 (88.1-96.8) 
30-39: 80.71 (77.9-83.5) 
40-49: 72.62 (70-3-74.9) 
50-59: 60.84 (58.5-62.3) 
60-69: 53.62 (50.5-56.8) 
70-79: 46.81 (36.4-45.3) 
80+: 39.60 (29.5-49.7) 
MUCP <20 mm H20 in 1.4% of 


Data from Kapoor DS, Housami F, White P, et al. Maximum urethral closure pressure in women: normative data and eval- 
uation as a diagnostic test. Int Urogynecol J 2012;23(11):1613-8; and Pfisterer M, Griffiths DJ, Rosenberg L, et al. Param- 
eters of bladder function in pre-, peri-, and postmenopausal continent women without detrusor overactivity. Neurourol 


Urodyn 2007;26(3):356-61. 


Fig. 1. Axial T2-weighted magnetic resonance imag- 
ing of urethra (arrows) in an 81-year-old woman, 
with urethral atrophy. EVC, endovaginal coil. 


THE SURGICAL APPROACH TO ISD 


Clinical experience has suggested that differenti- 
ating between Type | or Type II SUI and Type III 
SUI preoperatively may prove significant when 
counseling patients about the chances of relief 
from their symptoms after a procedure. Although 
the evidence is controversial, there are some 
studies that suggest that women with a diagnosis 
suggestive of ISD defined by a low ALPP or MUCP 


Warning: Not for diagnostic use 
--— - 
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Fig. 2. Axial T2-weighted magnetic resonance imag- 
ing of urethra (arrows) in a 22-year-old woman with 
stress and urge incontinence, no significant urethral 
atrophy. EVC, endovaginal coil. 
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are more likely to fail midurethral sling procedures 
potentially because of poor coaptation or an 
immobile urethra.?” In a review structured to deter- 
mine the predictive value of urodynamics before 
an operative intervention for SUI, Kawasaki and 
colleagues?? noted that with both retropubic and 
transobturator slings, there is a lower rate of 
post-operative cure in individuals with low 
MUCP, which was corroborated by the TOMUS 
trial, a randomized study comparing retropubic 
to transobturator midurethral slings. Although 
there was no apparent association between pre- 
operative urodynamics and subjective failure, the 
lowest quartile of MUCP (45 cm H20) and ALPP 
(86 cm H20) before surgery were noted to increase 
the rate of objective failure significantly (P = .003 
for both).7° 

One prospective studied look at women with 
SUI and ISD who were treated with a midurethral 
sling. These women were randomized to tension- 
free vaginal tape (TVT) or a transobturator midure- 
thral tape (TOT) procedure. One hundred sixty-four 
women were randomized, 82 to each group, and 
there were no significant differences in demo- 
graphics between the women. The diagnosis of 
ISD was established if the MUCP was less than 
20 mm H20 and the ALPP was less than 60 mm 
H2O with the bladder filled to 500 cc or maximum 
capacity if less than 500 cc.°° At 6-month 
follow-up, there was a notable distinction between 
the 2 groups: 13% in the TOT arm had already 
required additional surgery compared with 0% of 
the women with a TVT. At 3 years, the disparity be- 
tween the 2 groups was still evident with 18.3% of 
the TOT women versus 1.2% of the TVT women 
undergoing another surgical procedure to correct 
SUI. The authors speculate that this difference 
may be secondary to a difference in sling axis or 
perhaps unintentional increased sling tension dur- 
ing surgery with placement of TVT. Regardless, 
these data seem to indicate that if a clinician is 
able to diagnose a woman with ISD before sur- 
gery, choosing to perform a TVT may lead to 
higher continence success rates.*! 


CAN ISD BE DIAGNOSED BY URODYNAMICS 


When faced with answering the question of 
whether or not ISD can be diagnosed by urody- 
namics, the answer is more complicated than a 
simple yes or no. As a community, urologists and 
urogynecologists need to establish universal defi- 
nitions and standards so the women whose SUI 
is attributable to ISD can be better diagnosed. 
There is fairly good consensus that ISD is present 
with an ALPP less than 60 mm H20 and an MUCP 
of less than 20 mm H20, but discrepancies in the 
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literature do exist, most commonly regarding the 
MUCP. Settling those discrepancies will be chal- 
lenging and will likely require additional studies 
to assess the technical components of ALPP and 
MUCP measurements, as well as the reliability of 
particular cutoffs in predicting ISD. 

Urodynamics, as a diagnostic test, can certainly 
be valuable, but it is difficult to compare results 
across practices and establish treatment guide- 
lines when methodologies vary widely. Good uro- 
dynamics practice guidelines have established 
several important standards; however, clarity on 
measurement of ALPP and MUCP is needed. It 
would be advantageous to establish recommen- 
dations for measurement to allow comparisons 
across practices and research studies with 
respect to severity of SUI disease and response 
to therapy. In the meantime, consistent methodol- 
ogy in one’s personal practice may be helpful to 
understanding the differences among patients. 
One important consideration in the development 
of standard techniques for the measurement of 
ALPP and MUCP is patient positioning. It would 
be reasonable to evaluate those patients who are 
thought to have ISD in a situation that would cause 
them to have the most leakage, which is standing 
up. This situation however may lead to recruitment 
of accessory pelvic floor muscles that alter pres- 
sure measurements compared with the seated or 
supine position. It is also important to standardize 
bladder volume at the time of pressure measure- 
ment because capacity will likely influence the 
chance of leakage and pressure dynamics. 

One might question why the diagnosis of ISD 
even matters if the contemporary treatment plan 
is the same, with the placement of a midurethral 
sling, regardless of the type of SUI present. How- 
ever, it is known that slings fail and it is thought 
that they fail more commonly in patients with 
ISD. The exact reason for these failures and the 
exact mechanism by which a sling improves 
leakage in the setting of ISD remain unknown. 
The authors believe assessment for ISD can be 
beneficial in preoperative patient counseling: 
women with ISD who may be anticipated to fail 
slings can have their expectations appropriately 
tempered by preoperative counseling. 

Additionally, more reliable and better-defined di- 
agnoses of ISD may impact future treatment 
development. As surgical techniques evolve, be- 
ing able to precisely measure urethral deficiency 
with quantitative, comparable values could lead 
to more directed care and potentially better out- 
comes. Specifically, populations for which a spe- 
cific treatment such as TVT or TOT may be more 
efficacious may be defined with further research. 
Tailoring the surgical procedure to quantitative 


preoperative data or measuring MUCP during mid- 
urethral sling placement may have the ability to 
improve surgical success, 

It is clear that although urodynamics provides 
important information pertaining to ISD, this infor- 
mation is not comparable across sites because 
acquisition techniques have not been standard- 
ized. Further studies in patients with ISD using 
standardized urodynamic methodologies and in- 
terpretations may allow for better understanding 
of the condition as well as more realistic preoper- 
ative planning and improved outcomes for women 
who are plagued by SUI. 
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KEY POINTS 


e Videourodynamics (VUDS) combines a fluoroscopic voiding cystourethrogram with multichannel 
urodynamics, allowing anatomic and functional assessment of the bladder and outlet. 
e There is a relative paucity of guidelines and literature surrounding the specific indications and tech- 


niques for VUDS. 


e A thorough patient assessment is paramount in developing a differential diagnosis and identifying 


urodynamic questions to be answered. 


e VUDS should be considered in patients with neurologic findings or diseases as well as those with 
obstructed voiding, congenital genitourinary anomalies, or a history of genitourinary reconstruction. 
e Appropriate use of fluoroscopy is important in reducing any added cost and risk of ionizing radiation 


to patients and clinical staff. 


INTRODUCTION 


Diagnosing patients with multiple lower urinary 
tract symptoms and confounding comorbidities 
may require further assessment with advanced 
diagnostic testing, such as urodynamics. Standard 
multichannel urodynamics most often includes a 
filling cystometrogram and a pressure flow study 
during micturition. These 2 components are often 
the only obligatory tests required to determine a 
diagnosis; however, key pathognomonic findings 
may be overlooked in certain patient populations. 
Further delineation may be required, and the use 
of concomitant radiologic imaging during the study 
provides additional data to hone the differential 
diagnosis. Fluoroscopic imaging has been the 
modality of choice as an adjunct to traditional 
urodynamics. 

Combining fluoroscopic voiding cystourethro- 
gram with pressure flow urodynamics to evaluate 
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lower urinary tract function dates back to the 
1950s, was further developed through the 1970s, 
and was not widely used clinically until the 
1980s.'~° The original set-up used analog portable 
fluoroscopy (C-arm) and signal processing to 
combine the oscilloscope tracing from the pressure 
transducer with the live fluoroscopic images.** 
This allowed simultaneous recording on a magnetic 
tape for cine image viewing, hence, the coined 
term, VUDS. 

Improvements in portable computing and digital 
signal processing paved the way for modern-day 
VUDS (also referred to as fluoro-urodynamics). Im- 
aging input (video) is channeled into a computer 
terminal with software chronologically integrating 
the digital image with the cystometrogram and 
pressure flow tracings. Advancements in imaging 
technology paralleled the changes in computing, 
and digital imaging detectors led to fully integrated 
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digital fluoroscopy. This has allowed easier combi- 
nation of the 2 technologies and facilitates review 
of imaging on specialized medical image viewing 
software with improved resolution and tools to 
optimize image analysis. 

VUDS provides additional information com- 
pared with standard urodynamics; however, use 
of this specialized test should be limited to pa- 
tients in whom this information adds value. There 
is increased cost and risk associated with radio- 
logic imaging and clinicians should consider the 
usefulness of adding fluoroscopy as part of a pa- 
tient’s evaluation. 


INDICATIONS 


Fluoroscopy as an adjunct to standard urodynam- 
ics should be considered in those patients whose 
diagnosis is aided by including this modality. Spe- 
cialty societies have developed guidelines for 
standardizing terminology and technique as well 
as clinical guidelines for use of urodynamics.*° 
These guidelines are a consortium of expert panel 
opinion and literature review. A majority of recom- 
mendations apply to standard urodynamics and 
there is a paucity of guidelines and literature sur- 
rounding the specific indications and techniques 
for VUDS. Information in this article is derived 
from guidelines and available literature; however, 
much of the described principles and techniques 
follow expert opinion and the authors’ standard 
practice. 

Determining the patient populations that may 
benefit from VUDS requires clinicians to develop 
a differential diagnosis of underlying conditions 
that may contribute to a patient’s urinary tract 
symptoms. This begins with a detailed history 
and physical examination. The history should in- 
clude comorbid conditions and querying for 
any neurologic dysfunction as well as a family his- 
tory of neurologic and congenital conditions. 
Knowledge of congenital anomalies and previous 
surgeries, in particular those involving the genito- 
urinary or neurologic system, aids in patient 
selection. During examination, clinicians should 
evaluate for any signs of neurologic disease by as- 
sessing perineal sensation, pelvic muscle, and 
sphincter tone; testing the bulbocavernosus reflex; 
and identifying peripheral neuropathy or abnormal- 
ities of the vertebral column. In men, prostate size 
should be noted and the external urethral anatomy 
examined. In women, the examination includes 
evaluation of urethral mobility, incontinence, peri- 
urethral anatomy, and pelvic organ prolapse. Thor- 
ough assessment guides clinicians in formulating 
the diagnostic questions necessary to select the 
relevant urodynamic components. 


Patients who may benefit from VUDS include 
those with neurologic findings or a history of neuro- 
logic disease, a history of congenital genitourinary 
anomalies, symptoms of obstructive voiding (often 
excluding straight forward benign prostate enlarge- 
ment [BPE] symptoms), a history of pelvic irradia- 
tion, and a past history of surgical reconstruction. 
Current guidelines jointly published by the Amer- 
ican Urological Association (AUA) and the Society 
of Urodynamics, Female Pelvic Medicine and Uro- 
genital Reconstruction (SUFU) make only 2 recom- 
mendations regarding the use of VUDS.° These 
include recommending that clinicians may use fluo- 
roscopy at the time of urodynamics in patients with 
relevant neurologic disease or those with an 
elevated postvoid residual or urinary symptoms 
and a neurologic condition that may contribute 
(guideline statement 12).° The other recommended 
condition is in patients with outlet obstruction to 
localize the level of obstruction, particularly in those 
thought to have primary bladder outlet obstruction 
(PBNO) (guideline statement 19).° 

The use of fluoroscopy during urodynamics can 
aid in further evaluation of 


e Vesicoureteral reflux (VUR) 

e Anatomic variations of the bladder, including 
trabeculations, saccules or diverticula, and 
filling defects 

e Voiding dynamics in women with a cystocele 
or pelvic organ prolapse 

e Bladder neck function and coordination dur- 
ing micturition 

e Urethral pathology, such as strictures or 
diverticula 

e Detrusor-external sphincter dyssynergia 
(DESD) (in conjunction with sphincter electro- 
myography [EMG]) 

e Dysfunctional voiding/pelvic floor dysfunction 

e Urinary fistulas 

e Urinary incontinence 


Neurogenic Bladder 


VUDS is often useful in the evaluation of patients 
with suspected neurogenic lower urinary tract 
dysfunction (NLUTD). Clinical diagnoses include 
spinal cord injury; spina bifida or spinal dysra- 
phism; Parkinson disease; Shy-Drager syndrome 
(multiple system atrophy [MSA]; demyelinating 
disorders, such as multiple sclerosis; Devic dis- 
ease; and transverse myelitis and, in some cases, 
diabetic neuropathy and following a cerebrovas- 
cular incident. This list is not all inclusive and clin- 
ical acumen is needed to determine other signs, 
symptoms, and underlying pathology that may 
lead to neurologic dysfunction. 


Key pathognomonic findings in NLUTD that are 
better evaluated with VUDS include VUR, which 
may indicate poor bladder compliance, and identi- 
fying improper coordination between detrusor 
contraction and sphincter relaxation. Either of 
these findings typically represents neurogenic 
bladder, and, if a neurologic disease is not known, 
these findings should prompt exclusion of a poten- 
tial neurologic disease. Fig. 1 demonstrates 2 
cases of bilateral VUR that occurs with bladder 
filling. In both cases, detrusor pressure remained 
normal and the only indication of bladder compli- 
ance changes was the identification of reflux. 
DESD occurs with lesions above the reflex path- 
ways within the sacral spinal cord. With patch 
electrodes, the EMG tracing is not always diag- 
nostic due to noise, and fluoroscopic findings 
may be the only evidence to suggest this condition 
(Fig. 2). Assessment of bladder contour may pro- 
vide additional insight toward the underlying pa- 
thology. For example, trabeculations, multiple 
diverticula, or a Christmas tree appearance indi- 
cates obstruction, possibly related to neurogenic 
dysfunction, in those with a known neurologic 
condition. 

Definite delineation between the lower urinary 
tract findings in MSA versus Parkinson disease 
requires concomitant fluoroscopic imaging to 
study bladder neck function. Multiple system at- 
rophy demonstrates an open bladder neck during 
initial filling on fluoroscopy. During micturition, 
patients with MSA have an open bladder neck 
with neurogenic sphincter motor potentials on 
EMG and fluoroscopic evidence of DESD, fea- 
tures rarely found in Parkinson disease. Without 
multichannel VUDS with EMG, distinguishing the 
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urologic manifestations of these 2 diseases is 
not possible. 


Obstructed Voiding 


Symptoms of obstructed voiding may be related to 
anatomic or functional outlet obstruction. Not all 
symptoms carry a straightforward clinical diag- 
nosis on presentation and further assessment 
with urodynamics may be useful. Traditional multi- 
channel urodynamics identify bladder outlet 
obstruction, such as that found in BPE; however, 
certain patients may have more than one potential 
source of obstruction. Assessment of patients with 
a past history of genitourinary surgery involving the 
outlet (male outlet or urethral surgeries, subure- 
thral sling, female pelvic organ prolapse recon- 
struction, or urethral diverticulectomy) may be 
improved via the images obtained during the void- 
ing phase of VUDS. 

Concomitant fluoroscopic imaging can help 
localize the level of obstruction during pressure 
flow studies. The presence of a prominent pros- 
tatic median lobe may be identified in men with 
prostatic enlargement. Identifying a large bladder 
diverticulum may reveal voiding dynamics indica- 
tive of a pressure sink, suggesting outlet obstruc- 
tion in those where the pressure tracing itself is not 
conclusive (Fig. 3). The severity of a cystocele may 
be more obvious during micturition and visualizing 
the dynamic mobility may identify urethral kinking 
and retention of urine in the displaced portion of 
the bladder (Fig. 4).”° These findings may explain 
symptoms of obstruction in such women in the 
absence of other pathologies that create bladder 
outlet obstruction. 


Fig. 1. (A) This patient was referred for refractory incontinence despite multiple treatment modalities, including 
sacral neuromodulation. Traditional urodynamics would not have identified the VUR and poor bladder compli- 
ance as the cause of her symptoms. (B) This patient with a past spinal cord injury demonstrates bilateral VUR early 
in bladder filling despite a normal detrusor pressure. Again, her compliance changes would not have been known 


without VUDS. 
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Fig. 2. In this woman with multiple sclerosis, DESD is 
evident with fluoroscopy during micturition. In this 
case, note both failure of relaxation of the bladder 
neck and the external sphincter. The pressure flow 
and EMG tracing reflect obstruction with increased 
sphincter motor potentials. P abd, abdominal pres- 
sure; P ves, vesical pressure; P det, detrusor pressure. 


Fig. 3. In this woman with PBNO, measurable detru- 
sor pressure remains low during micturition and the 
pressure is instead transmitted into the bladder diver- 
ticulum, visualized on the fluoroscopic images. 


In women with obstructed voiding after anti- 
incontinence surgery, the necessity of urodynam- 
ics has been debated. In those with obstructive 
symptoms and evidence of retention or elevated 
PVR immediately after and temporally related to 
surgery, urodynamics is not likely needed.? In 
those with primary storage symptoms, urodyna- 
mics may be helpful, but clinical outcomes after 
surgical correction (sling incision or urethrolysis) 
are reported to be no different in those with or 
without diagnostic urodynamics.? VUDS may be 
useful in identifying the anatomic point of obstruc- 
tion, as shown in Fig. 5. The study will be most 
useful in women whose clinical history is less clear 
and may be more useful in ruling out other causes 
of obstructing symptoms, such as dysfunctional 
voiding or primary bladder neck obstruction. 

In men and women, VUDS facilitates analysis of 
coordinated micturition. This may be especially 
important in younger men and women without 
clinically apparent causes of obstructive voiding, 
such as BPE, prolapse, or prior surgery. Spec- 
ifically, the function of the bladder neck, the 
external sphincter, and the pelvic floor can be 
studied with fluoroscopy. This may be useful in pa- 
tients with primary bladder neck outlet obstruction 
and pelvic floor dysfunction. VUDS evaluation is 
the only diagnostic tool that can document pres- 
sure flow parameters and localize functional 
obstruction of the bladder neck.® Defining dys- 
functional voiding as intermittent or fluctuating 
flow secondary to contractions of the periurethral 
striated muscle in a neurologically normal woman 
and PBNO as failure of bladder neck opening 


Videourodynamics 


Fig. 4. In this woman with a stage II cystocele, residual urine is retained in the dependent portion of the bladder 


after voiding. (A) Voiding phase. (B) Post void residual. 


resulting in obstructed voiding, one study found 
that EMG analysis alone would have incorrectly 
diagnosed 14% of women with PBNO as having 
dysfunctional voiding. '° EMG activity alone, espe- 
cially patch electrodes, has a high rate of inaccu- 
racy in detecting quiescence during micturition, 
and using concomitant fluoroscopy increases the 
sensitivity and specificity of diagnosing dysfunc- 
tional voiding to 79% and 85%, respectively.'° 
Note the difference between bladder neck function 
in a normal void compared with PBNO as pre- 
sented in the VUDS images (Fig. 6). 


Fig. 5. In this neurologically normal woman with 
obstructive voiding symptoms and a remote history 
of a synthetic midurethral sling, the point of obstruc- 
tion is identifiable along the urethra during voiding. 
Note funneling of the bladder neck with a very prom- 
inent urethra full of contrast and tapering to the 
point of obstruction. 


Congenital Genitourinary Anomalies or 
History of Reconstruction 


Clinicians should consider the use of VUDS in 
patients with a past history of congenital genitouri- 
nary anomalies or surgical correction of such 
anomalies. Important conditions include a child- 
hood history of ureteropelvic junction obstruction, 
VUR, ectopic ureter, posterior urethral valves, or 
prune-belly syndrome, many of which are associ- 
ated with other lower urinary tract pathology. Find- 
ings implicating these conditions include recurrent 
lower urinary tract infections or pyelonephritis, in- 
complete bladder emptying, and incontinence as 
well as the presence of hydronephrosis. Imaging 
can identify persistent or recurrent VUR as well 
as the presence of bladder trabeculations or diver- 
ticula. A paucity of outcomes data exists in evalu- 
ating the benefits of VUDS in the adult population 
with a past history of congenital anomalies and 
Clinical judgment must be used as to whether 
added benefit is expected. 


VUDS TECHNIQUE 


Guidelines have been published for urodyamics by 
the International Continence Society (ICS) and the 
AUA/SUFU. The basic guidelines address indi- 
cations and standardization of terminology.*° 
The ICS guidelines set requirements for minimum 
equipment capabilities, required parameters to 
be measured, and calibration standards.* These 
guidelines ensure versatility in performing and 
reading urodynamic studies. The ICS guideline 
mentions that quantitative analysis may be supple- 
mented by imaging (fluoroscopy or VUDS) and the 
AUA guidelines include 2 indications (discussed 
previously), but specific information regarding 
the technique and optimizing outcomes is not 
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discussed.*° In part, this is secondary to the 
paucity of outcomes-driven data available. 

In general, the urodynamics set-up is similar to 
standard multichannel urodynamics but includes 
additional capabilities of integrating imaging 
(most commonly fluoroscopy) with the urodynam- 
ics tracings. VUDS essentially combines a voiding 
cystourethrogram with the cystometrogram and 
pressure flow tracings in standard multichannel 
urodynamics. 

The components of VUDS typically include 


Initial noninvasive free flow 

Cystometrogram 

Pressure flow measurements 

EMG potentials representative of the external 
urinary sphincter 

e Fluoroscopy for the voiding cystourethrogram 


Equipment 


Multichannel urodynamics 

The mainstay equipment remains similar for that 
needed in traditional urodynamics. A multichannel 
urodynamics machine is required. The terminal 
should have an additional input for the video signal 
from fluoroscopy. Standards should meet those 
set forth by the ICS. Software integrates the image 
signal to the corresponding time point along the 
urodynamics tracing. 


Fluoroscopy 

Fluoroscopy is the most widely used imaging mo- 
dality in urodynamics. A typical set-up uses a free- 
standing C-arm fluoroscopy machine, but an 
integrated fluoroscopy table may be used. Modern 
fluoroscopy machines produce a digital image. |' 
The potential benefit of these devices is the lower 
radiation dose necessary for image acquisition 
secondary to digital detectors and automated 
control logic that reduces exposure.'' Live image 
output is typically transmitted from the fluoros- 
copy unit to the terminal via coaxial cable. 

A facility operating radiologic equipment is often 
subject to safety requirements set forth by regula- 
tory bodies. These vary depending on geographic 
location but typically include standards for the fa- 
cility or room in which the device is operated and 
the credentialing of the operating technician. 
lonizing radiation has inherent risk and guidelines 


Fig. 6. (A) Normal micturition demonstrates funneling 
of the bladder neck. (B) This VUDS study demonstrates 
failure of the bladder neck to funnel during voiding 
along with quiescence of the EMG on the urodynamics 
tracing, suggestive of PBNO. P abd, abdominal pres- 
sure; P ves, vesical pressure; P det, detrusor pressure. 


must be followed to ensure the safety of patients 
and staff. 


Contrast 

Soluble iodized contrast medium replaces sterile 
water as the infusion medium for visualization with 
fluoroscopic imaging. Common formulations are io- 
thalamate meglumine and diatrizoate meglumine, 
in low concentrations (17.2% and 18%, res- 
pectively) making the viscosity closer to that of 
water.'* These agents are intended for extravas- 
cular use only. The solutions are often more viscous 
than water and the urodynamics equipment must 
be specifically calibrated to account for the viscos- 
ity of the chosen contrast media. This ensures the 
accuracy of the infused volume, voided volume, 
and flow rate. Provider practices vary and these 
agents are often further diluted with sterile water 
or saline. Few data exist evaluating the clinical 
outcomes when using diluted contrast. A single 
study evaluating the interpretability of fluoroscopic 
images during urodynamics, using 250 mL of 
contrast followed by saline, however, demon- 
strated no difference in interpretability. '° 


Specialized fluoroscopy table 

Acquiring images during a study may be chal- 
lenging. Reproducing symptoms is key in gener- 
ating meaningful results and recreating the 
normal ergonomics of micturition is important in 
reproduction of symptoms. Using fluoroscopy re- 
quires positioning for image acquisition with the 
C-arm. In men, who stand upright to void, posi- 
tioning of the C-arm to image the pelvis while void- 
ing may be simple. In those patients who sit to 
void, specialized fluoroscopy tables may be help- 
ful. These tables permit transmission of the radio- 
graph and allow patients to position themselves in 
a more natural stance. They often have a cutout, 
allowing urine to easily direct into the uroflowmetry 
in a seated position. 


Set-Up and Technique 


Multichannel urodynamics are set up according to 
ICS guidelines.* The bladder is catheterized for the 
postvoid volume, ensuring an empty bladder 
before starting urodynamics. Similar to traditional 
pressure flow recordings, the pressure trans- 
ducers are zeroed to atmosphere at the level of 
the pubic symphysis. Typically, a 7-French duel- 
lumen filling and recording catheter is inserted 
into the bladder to obtain intravesical pressure. A 
single-lumen rectal catheter is inserted to estimate 
abdominal pressure. The difference between these 
pressures estimates the pressure generated by the 
detrusor muscle. EMG electrodes are adhered to 
the region around the anal sphincter if indicated. 
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Filling cystometry is performed according to ICS 
guidelines, and the infusion pump is calibrated to 
account for the viscosity of the intravesical contrast 
agent. When switching between contrast media 
and water, the urodynamics technician must verify 
that the proper calibration setting is selected on the 
terminal. 

Patients are typically placed in either a natural 
seated position or standing position using a spe- 
cialized fluoroscopy table. Sequential fluoroscopic 
images are obtained, typically in an anterior- 
posterior view focusing on the pelvis. Urodynami- 
cists may include a lateral or oblique view to better 
visualize the sagittal plane of the urethra as well as 
any mobility of the bladder, such as in pelvic organ 
prolapse. It is important to include the anatomic 
location of the urethra within the field of view for 
proper assessment during micturition. The number 
and timing of images typically vary based on local 
protocol. Few data exist on optimized image se- 
quence, and guidelines do not address any rec- 
ommended protocol. In general, a prefilling or 
scout image should be acquired as a baseline. 
The next image in sequence should follow early 
in filling to ensure that the bladder is filling prop- 
erly, that contrast can be visualized, and to rule 
out VUR, posterior urethral anomalies, or extrava- 
sation. Voiding images are obtained to assess the 
bladder neck and urethra during micturition. A 
postvoid film may identify residual contrast that 
pools in a bladder diverticulum or cystocele (see 
Fig. 4) 

Data have been published regarding safety of 
image acquisition. Newer digital fluoroscopy uses 
less radiation than older counterparts; however, to- 
tal dose accumulation remains a concern, not only 
for patients but also for operators. Effort is being 
made to reduce the dose of ionizing radiation in 
medical imaging. Reduction of total accumulated 
dose is achieved if a total of only 4 to 5 images is 
acquired.'* Timing of these images according to 
one center’s protocol includes 1 image obtained 
at baseline (scout), 1 during filling, 1 image during 
a Valsalva, 1 image during voiding, and 1 repeated 
image during voiding if the catheter needs to be 
removed. '* This protocol was able to reduce pa- 
tients’ dose of ionizing radiation by a factor of 3 
without altering the interpretation of the urody- 
namic studies.'* This is just a recommendation 
and if the particular question to be answered re- 
quires more images or continuous fluoroscopy, 
that is appropriate. 

The key use for fluoroscopic imaging during 
urodynamics is to assess for functional storage 
problems and functional or anatomic voiding prob- 
lems. During filling, urodynamacist must be dili- 
gent to identify VUR, a possible indicator for 
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poor bladder compliance, as well as evidence of a 
bladder diverticulum, which may act as a pressure 
sink and mask evidence of outlet obstruction (see 
Figs. 1 and 3). In men with prostate enlargement, 
an intravesical median lobe may be readily 
apparent. The general urodynamics protocol for 
assessing incontinence includes generation of in- 
travesical pressure with Valsalva or cough, and 
use of fluoroscopy may help identify incontinence 
as well as bladder mobility.* A cystocele that was 
present on physical examination may look more 
prominent on imaging and is best viewed in both 
anterior-posterior and lateral or oblique views. If 
obstruction is considered on the pressure flow 
tracing and a significant cystocele is noted, 
repeating the pressure flow with cystocele reduc- 
tion may be considered to determine if outlet resis- 
tance was increased by the descending pelvic 
organ prolapse and to identify any occult inconti- 
nence (stress incontinence on prolapse reduction 
or latent stress incontinence).”*'° 

During micturition, imaging may identify VUR 
that occurs during voiding that was not present 
during fill, suggesting a pop-off mechanism at 
higher voiding pressures. The bladder neck should 
demonstrate relaxation or funneling during micturi- 
tion, typically easier to identify in women because 
the prostate shadow often obscures this area in 
men (see Fig. 6A). The urethra should additionally 
be visualized to identify any narrowing of the urine 
stream or cutoff points that may suggest either 
anatomic obstruction from a stricture or prior re- 
construction (such as a suburethral sling) versus 
functional obstruction from improperly coordi- 
nated relaxation of the external urinary sphincter 
or levator musculature. In cases of patients with 
a known neurologic condition, this likely repre- 
sents DESD and can be compared with EMG 
data. Often, the patch electrodes from the EMG 
produce a poor tracing, and the fluoroscopic im- 
age may be the only data available to correlate 
with a patient’s symptoms. 

Additional information may be derived from the 
fluoroscopic images, not specific to the dynamics 
of voiding, but those that may not be readily 
evident in a history and physical examination. 
The observer should note any filling defects that 
may require further assessment with cystoscopy 
or advanced imaging. Filling defects may repre- 
sent bladder tumors, urolithiasis, foreign body, 
or even sediment in the urine (often visualized as 
layering). Although rarely identified on voiding 
cystourethrogram imaging during VUDS, a ure- 
thral diverticulum may be evident lateral to or 
superimposed along the urethra and may be the 
cause of incontinence or obstructive voiding 
symptoms. 


Limitations 


Although a useful diagnostic test in the properly 
selected population, there are limitations to the ca- 
pabilities of VUDS. As with traditional urodynam- 
ics, there is a subset of patients who are not able 
to micturate during the study. The cause is likely 
multifactorial, but the proportion of nonvoiders in- 
creases for VUDS.® 1°18 Possible contributing fac- 
tors include the presence of a urethral catheter, 
physical and psychological discomfort from the 
procedure, the unusual voiding environment that 
does not imitate the usual socially acceptable con- 
ditions for micturition, and even the voiding posi- 
tion required for the study, which often does not 
imitate the natural voiding posture patients as- 
sume in their own bathroom. Specifically with 
VUDS, the micturition position is less natural sec- 
ondary to the need for a fluoroscopy table and 
the placement of the C-arm around a patient’s 
pelvis. Another significant factor is probably the 
number of additional persons in the urodynamics 
suite during VUDS, often including a radiology 
technician, an operator (registered nurse, midlevel 
provider, or technician), and clinician. 


SUMMARY 


Appropriate and judicious use of VUDS lends to 
improved diagnostic acumen in well-selected pa- 
tient populations. Paramount to obtaining useful 
data is proper patient selection, accomplished 
with a careful initial assessment focusing on symp- 
toms, medical comorbidities, and past medical or 
surgical interventions. Guidelines specifically ad- 
dressing selection between standard urodynamics 
versus the addition of fluoroscopic imaging are 
limited and outcomes data regarding technique 
are sparse. Clinicians must be mindful of the po- 
tential added cost, safety concerns, and limita- 
tions when considering the best study to further 
delineate a definitive diagnosis. 
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KEY POINTS 


e Surgical treatment of stress urinary incontinence with retropubic or transobturator midurethral 
slings offers excellent results with a low risk of adverse events. 

e Urodynamics are prudent when the diagnosis of stress urinary incontinence is not confirmed by 
other investigations or when prior surgical intervention has failed. 

e Two recent noninferiority randomized controlled trials did not demonstrate a significant difference 
in objective and subjective treatment outcome following stress urinary incontinence surgery 
between women who had a preoperative office evaluation or urodynamic studies. 


Urinary incontinence is defined as the “complaint 
of involuntary loss of urine”. Several types of uri- 
nary incontinence have been described that may 
require different treatment approaches. The pre- 
valence of urinary incontinence in women older 
than 20 years is 25% and increases with age. 
Half of incontinent women experience stress in- 
continence alone, and 36% have mixed incon- 
tinence.* Stress urinary incontinence (SUI) is 
defined as the “complaint of involuntary loss of 
urine on effort or physical exertion, or on sneezing 
and coughing”.' The diagnosis of SUI in women is 
based on symptoms and signs as demonstrated 
on the physical examination or on urodynamic 
observation in the absence of a detrusor contrac- 
tion.° Stress incontinence may also be diagnosed 
in the presence of other conditions, such as urinary 
frequency, urgency, nocturia, or voiding difficulty. 
Other types of urinary incontinence can coexist 
with SUI, such as urgency urinary incontinence 
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(UUI), mixed urinary incontinence (MUI), or noc- 
turnal enuresis. 


COST OF URODYNAMIC STUDIES 


The goal of urodynamic studies (UDS) in women 
with SUI is to objectively demonstrate the type of 
urinary incontinence and exclude other diagnoses. 
Therefore, this assessment may be helpful when 
the benefits outweigh the costs. The main benefits 
would be to improve patient outcomes (ie, cure the 
urinary incontinence) and prevent any adverse 
events. The costs are related to the invasive nature 
of the test. It can cause patient embarrassment,* 
pain during and after the test,° and urinary tract in- 
fections. UDS are expensive, time-consuming 
evaluations, with costs that vary according to 
health care systems. A cost-effectiveness study 
demonstrated that a basic office evaluation was 
less costly to cure incontinence in a population 
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with highly prevalent SUl-only patients.’ A deci- 
sion analysis model demonstrated that immediate 
sling placement for women with pure SUI or MUI 
was less costly and more effective than basing 
the treatment decision on the UDS finding.® UDS 
interpretation is subjected to variable reliability 
and quality, as it is highly operator dependent. 
Urodynamic testing has the risk of false positives 
from a series of physiologic and equipment arti- 
facts, which include straining, rectal contraction, 
or poor pressure transmission.2 On the other 
hand, it can result in false negatives if it does not 
reproduce the patients’ symptoms. For instance, 
10% to 18% of asymptomatic volunteers have un- 
inhibited detrusor contractions on the urodynamic 
evaluation; up to 40% of patients with urge incon- 
tinence do not show detrusor overactivity on 
cystometrogram. '° 


URODYNAMIC EVALUATION 


UDS can describe a series of different physiologic 
tests but most commonly refers to the more com- 
plete assessment of multichannel cystometry. 
Simultaneous recording of intravesical and intra- 
abdominal pressure allows an assessment of 
bladder sensation, capacity, and compliance, 
along with the voiding pattern. 


A 


Urethral function in a setting of clinical SUI can 
be better understood during cystometry. It can 
show a normal urethral closure mechanism or an 
incompetent one with either urethral relaxation 
incontinence (leakage in the absence of raised 
abdominal pressure) or urodynamic stress inconti- 
nence (with an increased intra-abdominal pres- 
sure). The urethral pressure profile can also be 
measured along with leak point pressures. The 
abdominal leak point pressure (ALPP) or the Val- 
salva leak point pressure (VLPP) is particularly of 
interest in the urodynamic assessment of SUI, as 
it establishes the lowest intravesical pressure 
required to provoke urinary leakage per urethra 
in the absence of a detrusor contraction (Fig. 1).' 

Certain observations or diagnoses that can 
coexist with SUI can only be made with the urody- 
namic evaluation: an overactive detrusor function 
(with or without incontinence), an abnormal detru- 
sor activity during voiding (detrusor underactivity), 
or abnormal compliance. Abnormal urethral func- 
tions, such as a bladder outlet obstruction or dys- 
functional voiding, can only be confirmed during 
pressure-flow studies. 


CLINICAL SCENARIOS 


Urodynamics are prudent in scenarios whereby 
the complete diagnosis of patients cannot be 


B 


Fig. 1. Urodynamic stress incontinence with hypermobility. (A) Cystography at rest. (B) Cystography with Valsalva 
showing contrast leaking in urethra and hypermobility of the bladder neck and urethra. (C) Cystometry with sequen- 
tial increase in generated abdominal pressure, with concomitant increase in vesical pressure. Lowest vesical pressure 
required to cause leakage per urethra shows ALPP of 109 cm H20. Pabd, abdominal pressure; Pdet, detrusor pressure; 
Pves, vesical pressure. (Courtesy of Dr Victor Nitti, New York, NY.) 


made otherwise, and the diagnosis is required for 
adequate and safe treatment. The possible sce- 
narios of a woman presenting with a complaint of 
SUI on history are as follows: (1) The diagnosis of 
SUI is confirmed by other modalities, and other 
diagnoses are unlikely based on the assessment. 
(2) The diagnosis of SUI is confirmed, and other 
diagnoses are not excluded. (3) The diagnosis of 
SUI is suspected but not confirmed, and other di- 
agnoses are unlikely based on the assessment. (4) 
The diagnosis of SUI is suspected but not con- 
firmed, and other diagnoses are not excluded. 

The first scenario would be a case whereby clin- 
ical stress leakage was demonstrated on the phy- 
sical examination, and other diagnoses, such as 
UUI, were not elicited on history or questionnaires, 
with a normal uroflowmetry and postvoid residual. 
The second scenario may occur if a patient has 
symptoms of MUI (complaint of involuntary leakage 
associated with urgency and also with effort, exer- 
tion, sneezing, and coughing) with clinical stress 
leakage. If the diagnosis of SUI is suspected but 
not confirmed, it is wise to demonstrate it before 
considering surgical treatment; this could be 
achieved with a urodynamic evaluation. Most sur- 
geons would agree that UDS would be useful in 
the third and fourth scenario without being a ques- 
tion of debate. It is also judicious to consider UDS 
for recurrent SUI if a prior surgical intervention 
has failed for better treatment planning. 


WHY ARE WE ASKING THE QUESTION? 


The necessity of UDS in the clinical management of 
SUI is being questioned because of the uncertain 
diagnostic accuracy and associated costs and 
risks. The diagnostic accuracy of a test can be 
determined by comparing its test results against 
a diagnostic gold standard, which defines true dis- 
ease status. As this does not exist for the clinical 
entity of SUI, the diagnostic accuracy is extrapo- 
lated for the outcomes of SUI treatment after the 
urodynamic assessment.'' If urodynamics help 
guide management and make the right treatment 
decision to improve patient outcomes, it may, 
therefore, outweigh the associated costs and risks. 

UDS should be performed after formulating 
specific questions: What information must be ob- 
tained? What urodynamic technique is the most 
appropriate to obtain it?'* Depending on the uro- 
dynamic findings, the management may be 
altered. The results may indicate if surgical treat- 
ment could benefit patients and, if so, guide the 
preferable surgical option. If the urodynamic re- 
sults do not suggest that surgical treatment would 
be indicated, alternative treatment modalities may 
be considered. 


Urodynamics in Stress Incontinence 


COMPARING OFFICE EVALUATION VERSUS 
PREOPERATIVE UDS 


Two recent noninferiority randomized controlled 
trials have addressed the question. The Value 
of Urodynamics prior to Stress Incontinence Sur- 
gery randomized 59 women with SUI or stress- 
predominant MUI to a treatment strategy with 
or without UDS from different centers. Their 
study was underpowered because of slow 
recruitment. The clinical reduction of complaints 
after 12 months was in favor of the group without 
urodynamics. Urodynamics did not result in a 
lower occurrence of de novo urgency.'*? The 
large multicenter Value of Urodynamic Evalua- 
tion (VaLUE) study randomized 630 women plan- 
ning to undergo surgery for SUI to an office 
evaluation or urodynamic testing. A provocative 
stress test was positive for all patients before 
randomization. After adjusting for the baseline 
differences between the 2 groups (duration of in- 
continence; Incontinence Severity Index score; 
and status with respect to smoking, history of 
nonsurgical treatment of urinary incontinence, 
current use of hormone-replacement therapy, 
and urethral mobility), the treatment success 
met the noninferiority for office evaluation only 
at the 1-year follow-up. There were no differ- 
ences in adverse events outcomes. The preoper- 
ative diagnosis was more likely to change after 
the urodynamic evaluation but did not change 
the distribution of surgical treatment compared 
with the office evaluation only. '* The physician’s 
confidence in the diagnosis improved after UDS 
but did not correlate with the treatment suc- 
cess.'° A secondary analysis of the VaLUE trial 
examined the diagnosis change following UDS 
and its impact on the treatment plan in efficacy 
outcomes. The UDS decreased the diagnoses 
of overactive bladder (OAB)-dry, OAB-wet, and 
intrinsic sphincter deficiency (ISD) but increased 
the diagnosis of voiding dysfunction. The num- 
ber of SUI diagnoses did not change. There 
was a global treatment plan change in 14% of 
patients. Surgery was canceled in 1.4%, and 
the procedure changed in 5.4%. These changes 
were not associated with more successful out- 
comes but increased the odds of the treatment 
of urgency at 3 and 12 months postoperatively. '© 
The findings of these 2 trials, which included pa- 
tients with very strict selection criteria managed 
by expert hands, may not be generalizable to 
the wide clinical population. 

Clement and colleagues'' reported a Cochrane 
review on the value of urodynamic investigations in 
the treatment of urinary incontinence. They in- 
cluded eight 2-arm randomized controlled trials. 
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Three of these were done in women with predom- 
inant SUI, including those 2 previously mentioned 
trials. They demonstrated no statistically signifi- 
cant difference in the primary outcome of urinary 
incontinence between women undergoing an 
office evaluation or urodynamic investigations. 
Another meta-analysis that gathered the results 
of these 2 trials and another unpublished study 
to compare the outcomes after surgery for SUI 
found no statistical difference in subjective or 
objective cure/improvement. Voiding dysfunction 
was similar in both groups, and there was a trend 
for continued treatment of urgency in the office- 
evaluation group.'’ Meta-analyses offer a useful 
global perspective of the highest quality of evi- 
dence by grouping patients from several high- 
quality trials and comparing outcomes between 
many patients. Although offering the advantage 
of a higher power from a larger sample, it brings 
in the limitation of a potentially more heteroge- 
neous group and obscuring a more individualized 
approach. 


TYPES OF URINARY INCONTINENCE 


Symptoms can help elucidate the type of inconti- 
nence present. Certain patients have stress- 
predominant incontinence symptoms. There is 
also a group of patients with insensible inconti- 
nence, as “the complaint of urinary incontinence 
where the woman has been unaware of how it 
occurred”.' These patients will benefit from uro- 
dynamic evaluation, as urodynamic SUI is the 
most prevalent finding in this population and 
could be treated accordingly.'® Other patients 
may be unable to determine the predominant 
type between UUI and SUI and, therefore, fall in 
the category of MUI. Heinonen and colleagues!” 
report a poorer short-term and long-term 
outcome in women with MUI who underwent a 
tension-free vaginal tape (TVT) procedure without 
preoperative urodynamic testing, as compared 
with women with SUI alone (69% vs 97% at 
36 months). However, their long-term success of 
women with SUI 10 years after the TVT procedure 
without preoperative urodynamics was quite high 
(90% objective and 78% subjective cure rates). 
Patients with MUI fair worse after a midurethral 
sling procedure as compared with SUI alone. A 
systematic review and meta-analysis of random- 
ized trials and prospective studies showed a sub- 
jective cure rate of 56.4% at 34.9 + 22.9 months’ 
follow-up. Women with MUI did not have any sig- 
nificant difference in subjective and UUI cure 
rates between the transobturator and retropubic 
approach.”° 


SELECTION OF SURGICAL TECHNIQUE 


The Trial of Mid-Urethral Slings (TOMUS) ran- 
domized 597 women with a positive urinary stress 
test to undergo a midurethral sling through either 
a retropubic or transobturator route. They all had 
a preoperative urodynamic evaluation blinded to 
the surgeon, and the urodynamic stress leakage 
was not required. There were no objective or sub- 
jective differences in treatment success between 
both groups, even when adjusted for VLPP or 
maximum urethral closure pressure at 12 or 
24 months.?1':22 

Lemack and colleagues*° analyzed the preoper- 
ative standardized UDS performed on the parti- 
cipants of the Stress Incontinence Treatment 
Efficacy Trial that randomized patients to Burch 
colposuspension or pubovaginal sling. No UDS 
findings were associated with an increased risk 
of voiding dysfunction (defined as the use of a 
catheter or the need for reoperation) in either 
group. 

The demonstration of urodynamically proven 
MUI may not be a prognostic factor for treat- 
ment success according to the type of proce- 
dure. In fact, a prospective cohort of women 
with urodynamically proven MUI treated with a 
midurethral sling did not have any significant 
differences in postoperative symptoms between 
those who underwent TVT or _ tension-free 
vaginal tape obturator (TVT-O). However, 
those who underwent TVT had a lower risk of 
having detrusor overactivity on UDS after 
12 months.”4 

The presence of ISD or urethral mobility (as 
demonstrated with the cotton swab test) provides 
important information about the nature of the 
stress incontinence. The value of the maximal 
urethral closure pressure (MUCP) or the ALPP 
does not correlate with each other,?° and both ur- 
odynamic parameters may not correlate with ure- 
thral mobility.2°” In the TOMUS trial, body mass 
index and detrusor pressure at maximal flow 
(PdetQmax) positively correlated with the VLPP 
and MUCP. Pad weight and age negatively 
correlated with MUCP, whereas the duration of 
incontinence negatively correlated with the 
VLPP.?® A randomized study of TVT versus 
Monarc found that the retropubic approach was 
more effective in women with urodynamic SUI 
and ISD as defined by a MUCP of 20 cm H20 or 
less or a VLPP of 60 cm H20 or less, with no 
mention of urethral mobility.2° The value of the 
VLPP in a retrospective study of 204 women 
who underwent TVT-O did not impact the treat- 
ment outcome or self-reported quality of life 
postoperatively.°° 


SUMMARY 


The decision to use urodynamics as a diagnostic 
tool should be made according the expertise and 
the ability of the surgeon to efficiently use this in- 
formation for planning SUI treatment. As a surgeon 
gains experience and training to interpret urody- 
namic tracings, it becomes more valuable. For 
the same reason, the experienced surgeon may 
become more selective for patients who would 
benefit from urodynamic evaluation and use it 
more judiciously. The specialty-trained surgeon 
will likely treat patients of higher complexity who 
may benefit from the additional evidence gained 
from a urodynamic evaluation. They, therefore, 
manage fewer patients with uncomplicated SUI. 
Their expertise and clinical experience could 
potentially allow them to treat and manage pa- 
tients with simple SUI with or without preoperative 
UDS. This might explain why the 2 major random- 
ized clinical trials did not identify any significant 
difference in outcome with or without preoperative 
urodynamics for the treatment of SUI. Ultimately, 
the necessity and value of a urodynamic eva- 
luation will vary according to each surgeon’s 
expertise and each patient’s unique type of 
incontinence, severity, and concomitant urinary 
symptoms. 
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KEY POINTS 


e There is no effective method of diagnosing benign prostatic obstruction (BPO) other than pressure 


flow urodynamics (PFUDS). 


e The outcomes for surgical outlet reduction are worse for patients who do not demonstrate outlet 


obstruction on PFUDS. 


e Patients with male lower urinary tract symptoms (MLUTS) prefer a shared problem-solving and 
decision-making model when evaluating treatment strategies. 


INTRODUCTION 


Lower urinary tract symptoms (LUTS) are a 
frequently encountered constellation of symptoms 
that consist of deviations from the usual storage 
and emptying functions of the lower urinary tract. 
The term male lower urinary tract symptoms 
describes an older male presenting with LUTS 
and implies no particular cause of these symp- 
toms. This index patient has been depicted as a 
middle-aged or elderly man (often >50 years) 
with bothersome dysfunction of urinary storage, 
voiding, and/or the postmicturition period that 
often consists of a combination of frequency, ur- 
gency, nocturia, as well as hesitancy, weak stream, 
and feeling of incomplete emptying. Because an 
enlarged prostate gland that causes obstruction of 
the urinary outflow is the most likely cause of these 
symptoms, the term benign prostatic hyperplasia 
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(BPH) has historically been attached to these symp- 
toms. More recently, the terms benign prostatic 
enlargement (BPE) and benign prostatic obstruction 
(BPO) have largely taken the place of BPH, a term 
limited to the histologic proliferation of smooth mus- 
cle and epithelial cells in the prostate gland. It is 
difficult to define what characterizes clinically signif- 
icant MLUTS, but patient-reported bother certainly 
plays the central role in clinical decision making. 
Because bother, prostate size, and urodynamically 
proven outflow obstruction are not always well 
correlated, it is not possible to make assumptions 
that LUTS occurring in men are explained by BPO 
caused by BPE. Therefore, the identification of 
causes of non-BPO MLUTS is a key component of 
each step of the evaluation of these patients. For 
the purposes of this article, all patients who pre- 
sent like the index patient are considered: with 
bothersome MLUTS without known cause, but 
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statistically likely to be caused by BPO. Although 
the focus is on the role of urodynamics (UDS) in 
adding value to the evaluation of the patient with 
MLUTS suggestive of BPO, the value of UDS 
in identifying other causes of LUTS is also 
considered. 

Describing the epidemiology and natural history 
of the problem of MLUTS is somewhat compli- 
cated by the way in which MLUTS is defined 
because of the use of data from studies of patients 
with BPH. There are biases present when extrapo- 
lating data from clinical trial populations, and 
testing for BPE, BPO, or histologic BPH would 
be invasive and costly; therefore, prostate and/or 
outlet obstruction is not necessarily the cause of 
LUTS in all patients in these calculations. It is 
reasonable to examine the efficiency and effec- 
tiveness of care for patients with MLUTS by start- 
ing with the evaluation of an undifferentiated 
symptomatic index patient, not the patient with 
definitive MLUTS with BPO. It is accepted that 
MLUTS is a common problem that deserves our 
attention. In the United States, moderate to severe 
LUTS was approximated to occur in 6.7 million of 
the 27 million men aged 50 to 79 years in the 
year 2000.' In the United Kingdom between 1992 
and 2001, the prevalence of LUTS in a general 
practice population was around 3.5% for men in 
their 40s, increasing to greater than 30% for men 
older than 85 years.” In Sweden, a population 
study of 40,000 men aged 45 to 79 years showed 
18.5% of men having moderate symptoms and 
4.8% having severe LUTS.° Wei and colleagues’ 
also note that the significant variation in the man- 
agement of patients with MLUTS is a concern for 
the quality of care for this condition. 

The focus on when UDS is necessary in MLUTS 
and how it is used boils down to the value that 
these studies add for shared decision making 
with patients and for determining the effectiveness 
of therapy. Educating patients on the various 
tradeoffs within treatment choices helps meet 
the objectives for treating MLUTS: improving 
patients’ quality of life by relief of bothersome 
symptoms, avoiding morbidity, and potentially 
slowing disease progression. Ideally, each individ- 
ual could be accurately diagnosed, the outcomes 
of conservative management or active treatments 
could be predicted, and the chance of success 
could be maximized while minimizing adverse 
events, costly repeat evaluations, re-treatment, 
and failures — thus theoretically improving both pa- 
tient and provider satisfaction. Avoiding the mor- 
bidities of BPO including acute or chronic urinary 
retention, the need for catheterization, and the 
attendant problems therein, urinary tract infections 
(UTIs), obstructive uropathy, and urinary calculi 


should also be considered benefits of appropriate 
treatment. The authors’ objective is to define the 
role of UDS in the current diagnostic algorithm 
and treatment of MLUTS in general, and especially 
MLUTS that is nonneurogenic, not associated with 
malignancy or other comorbid conditions, and not 
caused by infection, trauma, medications, radia- 
tion, or surgery. 

Clinical guidelines are a valuable source of 
aggregated data and current expert opinion on 
the evaluation and treatment of MLUTS. The Amer- 
ican Urological Association (AUA) and has pub- 
lished updated guidelines in the past 3 years that 
discuss the role of UDS in the diagnosis and 
workup of MLUTS, especially in the context of 
BPO.* The AUA/SUFU (Society of Urodynamics, 
Female Pelvic Mecidine and Urogenital Recon- 
struction) Guidelines on Urodynamics in Adults 
also addresses this issue.° In addition, the 6th Inter- 
national Consultation on Urologic Diseases (ICUD) 
consensus document was developed in 2005 and 
later summarized by Abrams and colleagues® 
providing the basis for many of the subsequent al- 
gorithms. It is useful to examine these guidelines 
and review the evidence that led to their adoption 
so that one can apply these guidelines to the 
appropriate populations in practice. These guide- 
lines characterize the specific index patient to 
which they apply, and understanding when UDS 
is recommended and also where patients come 
to intervention points with multiple options in an al- 
gorithm, or fall off the algorithm altogether, can help 
define when urodynamic evaluations provide value. 

The 6th International Consultation on New 
Developments in Prostate Cancer & Prostate Dis- 
eases took place in 2005, and the consensus docu- 
ment on “Male Lower Urinary Tract Dysfunction: 
Evaluation and Management” was published in 
2006 and summarized by Abrams and colleagues® 
in 2009. The guidelines on “Evaluation and Treat- 
ment of Lower Urinary Tract Symptoms in Older 
Men” delineate a basic evaluation of the index pa- 
tient including history, assessment of symptoms 
and bother, physical examination and digital rectal 
examination, urinalysis, serum prostate-specific 
antigen levels, and frequency-volume charts. For 
patients considering active treatment, the panel 
also recommends symptom quantification with 
validated questionnaires (I-PSS, ICIQ-MLUTS, 
and DAN-PSS-1), flow rate recording, postvoid 
residual (PVR), prostate imaging via ultrasonogra- 
phy, upper tract imaging and endoscopy under 
certain circumstances, and pressure flow studies 
(PFSs), which are recommended before invasive 
therapy in men with a maximum urinary flow rate 
(Qmax) greater than 10 mL/s. The argument made 
is that flow rates above this level raise suspicion 


of causes of LUTS other than obstruction and pa- 
tients who do not have obstruction are less likely 
to benefit from outlet reduction procedures. 

The AUA guidelines on the Management of 
Benign Prostatic Hyperplasia (BPH) have under- 
gone multiple revisions since they were initially 
presented in 1994, most recently in 2010,4 
and are available at www.auanet.org/content/ 
guidelines-and-quality-care/clinical-guidelines. 
cfm?sub5 bph. The algorithms presented in the 
guidelines were adopted from the ICUD docu- 
ment and again include the use of PFSs when 
the patient is being offered minimally invasive 
or invasive surgical treatment and the evaluation 
does not clearly indicate obstruction, that is, the 
maximum flow rate on uroflowmetry is greater 
than 10 mL/s. The committee notes that PFSs 
are an optional part of the evaluation, which cat- 
egorizes their use as having the highest level of 
flexibility with regard to application of guideline 
statements. 

The AUA also addresses MLUTS in the AUA/ 
SUFU Guidelines on Urodynamics in Adults.° The 
panel recommends uroflowmetry for the initial 
diagnosis and ongoing management of MLUTS 
with a grade C level of evidence and makes note 
of the pitfall of variability of the measurements, 
as well as the risks of false positives and false neg- 
atives. The panel separately addresses cystome- 
try and PFSs. Multichannel filling cystometry is 
noted to have little evidence for use in the manage- 
ment of patients with LUTS, with expert opinion 
cited as the basis for recommending that cystom- 
etry may be performed to identify detrusor overac- 
tivity (DO) or poor compliance when invasive/ 
irreversible treatments are being considered. The 
panel recommends PFSs as a standard with grade 
B evidence, stating that they should be performed 
when diagnosing obstruction is important, espe- 
cially when considering invasive treatment. The 
panel notes that the current scientific evidence, 
although not without variability, does point to PFS- 
confirmed obstruction as a predictor of improved 
outcomes from treatment. The guideline also spec- 
ifies that the urodynamic study itself should be dis- 
cussed with the patient with regard to its benefits, 
shortcomings, and possible complications. 

The European Association of Urology (EAU) had 
previously published guidelines under the title 
“Assessment, Therapy and Follow-Up of Men 
with Lower Urinary Tract Symptoms Suggestive 
of Benign Prostatic Obstruction (BPH Guidelines).” 
These were most recently updated in 2013 and 
summarized by Oelke and colleagues’ in their 
article “EAU Guidelines on the Treatment and 
Follow-up of Non-neurogenic Male Lower Urinary 
Tract Symptoms Including Benign Prostatic 
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Obstruction.” The updated document takes a 
symptom- and treatment-based approach and 
does not delineate specific guidelines regarding 
the workup of patients with MLUTS. 

McNicholas and colleagues® convey a similar 
outlook in Campbell-Walsh Urology, Tenth Edition: 
“If the initial evaluation, flow rate, and PVR urine 
volume are not sufficiently suggestive of BOO, 
further urodynamic assessment by PFSs should 
be considered, especially if an invasive treatment 
is considered (ie, surgery) or if surgical treatment 
has failed.” 

Describing the pathophysiology of MLUTS and 
the details of each of the treatment options avail- 
able is beyond the scope of this article; however, 
in the context of choosing when to use UDS 
evaluations, the article discusses how to define 
and diagnose the cause of the symptoms of 
MLUTS and how treatment outcomes have been 
evaluated using urodynamic data. 


URODYNAMIC PRINCIPLES 


The most basic tenet of UDS evaluation is that of 
prospectively formulating the urodynamic ques- 
tions. Lenherr and Clemens? describe in detail 
the compilation of a thorough evaluation of all 
known clinical, laboratory, and radiologic data to 
choose appropriate studies that are targeted to 
answering a specific question and advocate 
having a clinician present to ensure that the study 
is well annotated and reproduces the patient’s 
symptoms. 

Most algorithms begin with the option of 
performing noninvasive evaluations including uro- 
flowmetry and PVR. Uroflowmetry ultimately can 
detect only the rate of urine flow with no way to 
distinguish underactive detrusor, outlet obstruc- 
tion, or a combination of both'° and some patients 
can generate what is considered a normal flow in 
the face of obstruction, which is the cause of their 
symptoms. 

Invasive tests include cystometry, PFS, sphincter 
electromyography (EMG), urethral function tests/ 
profilometry, and videourodynamics (VUDS). Inva- 
sive UDS testing usually involves the use of a dou- 
ble- or triple-lumen urethral catheter to fill the 
bladder and record vesical and (in the case of triple 
lumen catheters) urethral pressures. The addition of 
an abdominal pressure sensor (typically placed 
rectally) to multichannel UDS provides a measure- 
ment of abdominal pressure and allows for the 
subtraction of this value from the vesical pressure 
in order to calculate the actual detrusor pressure. 
Cystometry is the recording of vesical or detrusor 
pressures during filling to evaluate the storage 
phase of lower urinary tract function. Several useful 
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diagnostic features of cystometry apply to the 
MLUTS population. Involuntary detrusor contrac- 
tions or DO can be identified, and during the study, 
the clinician can correlate this phenomenon with 
patient-reported symptoms of urgency and ur- 
gency incontinence. DO is found in more than 
50% of men with prostatic obstruction, and in one 
investigation of 1418 men with LUTS, the preva- 
lence of DO on UDS increased continuously from 
51.4% in Schafer class 0 to 83.3% in Schafer 
class V."! 

Bladder compliance is an important storage 
parameter to consider in all patients, and although 
less commonly seen in the MLUTS population, 
loss of bladder compliance is a finding that 
would affect management decisions. Cystometric 
capacity can be measured and correlated with 
functional capacity on frequency-volume charts. 
Along with sensation, capacity measurements 
can inform preoperative counseling in patients 
with decreased sensation and large capacity as 
well as in patients with a large sensory component 
driving frequency and urgency symptoms. Inconti- 
nence is a less frequent symptom associated with 
MLUTS, and the finding of involuntary loss of urine 
during UDS for MLUTS in a patient considering 
interventions that may have incontinence as a 
potential adverse event is a useful device for 
counseling. 

PFSs have the unique feature of being able to 
determine the detrusor pressure simultaneously 
with voiding, which can differentiate an under- 
active detrusor from a well-functioning detrusor 
generating high pressures with low flow. The 
abdominal pressure sensor can determine the 
contribution of Valsalva or abdominal straining to 
voiding, and this can be correlated with hesitancy 
and difficulty initiating voiding. For patients who 
are unable to voluntarily void during UDS because 
of situational factors or discomfort, the diagnosis 
of obstruction becomes confounded. If the patient 
cannot mount a detrusor contraction with the 
catheter in place, removing the UDS catheter to 
allow for void also removes the ability to determine 
vesical and detrusor pressures during voiding. 
Noting the detrusor pressures during attempts at 
voiding to judge contractility and using fluoros- 
copy to delineate the level of obstruction (eg, a 
stricture or bladder neck contracture that is similar 
in caliber to the urodynamic catheter) can be 
helpful. 

By the International Continence Society (ICS) 
definitions, detrusor contractility falls into 3 cate- 
gories, acontractile, underactive, and normal. '* 
Contractility can be quantified by several formulas 
such as the bladder contractility index (pdetQnax 1 
5Qmax, With strong >150, normal 100-150, or 


weak <100) or absolute detrusor pressure cutoffs 
for normal values, which have been used in prior 
research on the contribution of detrusor underac- 
tivity to MLUTS, but recent attention has been 
placed on the ambiguity of this term and its 
definition/diagnosis. '* The importance of this uro- 
dynamic finding is illustrated in the similar presen- 
tations, but different PFSs for the 2 patients in 
Figs. 1 and 2. 

Obstruction of urinary outflow has been ex- 
tensively studied and nomograms and formulas, 
including the commonly used bladder outlet 
obstruction index (pdetQmax — 2Qmax, with ob- 
structed >40, equivocal 20-40, and unobstructed 
<20) have been developed to diagnose and 
quantify the severity of outlet obstruction on 
PFSs. The ICS nomogram"* was developed as a 
provisional standardized definition for obstruction, 
and the developers reference its similarities to the 
Abrams-Griffiths and Spangberg nomograms and 
the Schafer diagram using linear Passive Urethral 
Resistance Relation (linPURR) and its overlapping 
characteristics with the urethral resistance factor 
(URA) and two dimensional CHESS classification 
methods at low to moderate flow rates. The au- 
thors advocate using this nomogram as the stan- 
dard in the MLUTS population. Noninvasive 
techniques for making the diagnosis of obstruction 
were summarized in an earlier version of this 
article, with varying degrees of sensitivity and 
specificity, and none of these have come into 
common clinical use. '® 

UDS can suggest detrusor sphincter dyssyner- 
gia or bradykinesia on EMG or fluoroscopy (in 
the case of VUDS) in a population that has no 
known neurologic diagnoses and may prompt 
neurologic evaluation. These conditions are not 
as common in this population, but some neuro- 
logic conditions may present with bothersome uri- 
nary tract symptoms. These patients benefit from 
accurate diagnosis and avoidance of treatment 
of prostatic obstruction. It is also uncommon to 
find pseudodyssynergia on EMG or fluoroscopy 
diagnosing dysfunctional voiding as the sole 
cause of MLUTS; however, refractory LUTS in a 
younger male may be related to pelvic floor 
dysfunction, and treatment would again diverge 
from the typical MLUTS pathway for older 
patients. 

Along with PFSs that suggest obstruction, 
radiologic imaging of the lower urinary tract can 
help define the anatomic location of the obstruc- 
tion and provide insight into the pathophysiology 
of the patient’s symptoms. Obstruction can occur 
at the bladder neck as in primary bladder neck 
obstruction, in the prostatic urethra from prostatic 
enlargement, in the membranous urethra with 
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Fig. 1. A 78-year-old man with diabetes mellitus, AUA symptom index 22. Poor emptying, decreased stream, fre- 
quency/urgency/nocturia, on terazosin/finasteride, digital rectal exam (DRE) 40 g, Qmax on uroflow 5 10.2 mL/s, 
PVR 172 mL, and PFUDS reveals high pressure, low flow, which indicates obstruction. 


dysfunctional voiding, or anywhere along the ure- 
thra in the case of stricture. Fluoroscopic voiding 
images can rule out vesicoureteral reflux and other 
anatomic abnormalities. Fluoroscopy provides the 
ability to detect bladder diverticula, which can alter 
pressure and storage characteristics, as well as 
bladder calculi, both of which can alter the surgical 
management for these patients. 

It cannot be overstated that answering UDS 
questions with studies that reproduce the patients’ 
bothersome symptoms is the key to defining 
the pathophysiology that accompanies bother so 
that this entity can be targeted for therapy. When 
this therapy is invasive, irreversible and potentially 
morbid, or costly, PFUDS can be used to accu- 
rately target the cause of the patient’s symptoms. 

Guidelines leave a significant portion of the 
decision making to the provider to decide when 
UDS is necessary. In addition to the aforemen- 
tioned patients, the following scenarios would 
generally warrant consideration of invasive urody- 
namic testing: the elderly, especially if there are 
concerns for limitations in history taking or pos- 
sible prior surgeries or instrumentation; those 


in the younger range of the index patient, or 
younger'®; patients with urinary retention and un- 
able to complete uroflowmetry; patients whose 
symptoms do not correlate with noninvasive find- 
ings, or whose symptoms arouse any suspicion 
of neurologic components to voiding dysfunction 
and patients with confounding conditions that 
could affect bladder function (severe diabetes, 
previous radiation or pelvic surgery, previous 
spine surgery); patients with MLUTS and inconti- 
nence; and patients who have failed prior invasive 
treatments, because it has been shown that a sig- 
nificant number of these failures are found to have 
detrusor underactivity. '” 

The risks of UDS include UTI, transient hematu- 
ria, patient distress/discomfort or difficulty voiding 
after instrumentation, and vasovagal syncope as 
well as variable reproducibility (the equivalent of 
false positives and false negatives). '*-@° UTI rates 
are reported as less than 15%, and AUA best 
practice recommends antimicrobial prophylaxis 
only with risk factors present.*' There have been 
several studies that survey patients regarding the 
distress/discomfort and embarrassment of UDS 
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Fig. 2. A 67-year old man with diabetes mellitus, AUA symptom index 18. Decreased stream, on tamsulosin, 
digital rectal exam (DRE) 30 g, Qmax On uroflow 5 6 mL/s, PVR 230 mL, PFUDS reveals attempts at voiding with 
very low detrusor pressures, which indicates detrusor underactivity. 


evaluations. Scarpero and colleagues** showed 
that 95% of patients would undergo UDS again if 
indicated, with levels of pain and embarrassment 
as expected or less than expected in 90% and 
93% of patients, respectively. Ku and colleagues”* 
demonstrated that although males (n 5 71) 
had slightly higher pain scores than females 
(n 5 137), these scores were still low overall, with 
a mean of 3.1 out of 10. UDS is a low-risk 
evaluation with good tolerability. 


ROLE OF UDS 


The discussion so far leaves us with the question 
of how do we use them? There is an increasing 
body of literature that defines the roles that pa- 
tients wish to take in their health care decision 
making. Deber and colleagues** surveyed more 
than 2700 patients including 678 with BPH on their 
preferred level of autonomy; the vast majority 
desired a shared model in which patients par- 
ticipated both in problem solving and decision 
making. There is also evidence of heterogeneity 
in the treatment characteristics that determine 


treatment preference in patients seeking care for 
MLUTS*° and that new information regarding 
treatments can alter patient preferences.?° Pa- 
tients who desire education about their condition 
may have a strong interest in the results of UDS 
and may prefer to defer decisions on surgical inter- 
vention until they can be informed by this type of 
testing. MLUTS is a chronic condition, and in 
seeking quality-of-life improvement, we must be 
sensitive to the patient’s goals for treatment, avoid 
assumptions, and reduce variability, all of which 
can perhaps be enhanced using UDS. 

A commitment to patient-centered health care 
delivery also demands that interventions be 
judged on patient-reported outcomes and the 
patient’s perception of success. Research on 
MLUTS treatments have often used UDS evalua- 
tions as part of protocols and have used relief of 
outlet obstruction as a measure of success, with 
reporting of increasing flow, decreasing voiding 
pressure, and decreasing PVR as outcomes. This 
method has allowed comparisons of treatment 
modalities and benchmarks for new therapies. 
These are the parameters on which patients can 


be counseled and expectations can be set, which 
would be the basis for their later perceptions of 
success. 

Patients, providers, and payors are interested 
in predicting successful outcomes of treatment. 
In a 1994 editorial arguing for the use of PFSs to 
evaluate MLUTS, Abrams?’ summarized the evi- 
dence of several series, including his own, and 
concluded that failure rates after outlet reduction 
by transurethral resection of the prostate prosta- 
tectomy were higher in those who did not have ev- 
idence of obstruction on PFSs, those who had DO, 
and those who had detrusor underactivity. There 
are several more contemporary studies that also 
relate urodynamic diagnoses to successful 
outcome of outlet reduction procedures. Tanaka 
and colleagues® reported that in 92 patients un- 
dergoing transurethral resection of prostate 
(TURP), a composite outcome for efficacy showed 
excellent or good results for patients with bladder 
outlet obstruction (57% of their population on 
PFSs); still good results for efficacy for patients 
without outlet obstruction, even with detrusor un- 
deractivity; but less efficacy in patients without 
outlet obstruction with DO. This report suggests 
that in patients without clear outlet obstruction 
with possible DO, cystometry and PFUDS can 
help avoid surgical failures. Similar findings were 
reported previously by Machino and colleagues”? 
when reporting on 62 men undergoing TURP; suc- 
cessful outcome of TURP was not statistically 
significantly different for those with and without 
definitive obstruction, but for those with equivocal 
values for obstruction and DO, success rates fell. 
Urodynamic obstruction has also been shown to 
have a useful relationship with symptom improve- 
ment from TURP in a case series by van Venrooij 
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and colleagues.°° The investigators showed that 
symptom improvement in unobstructed and equiv- 
ocal men undergoing TURP was around 70% of 
that in the obstructed group. This information is 
helpful in setting expectations for symptom im- 
provement for men with and without obstruction 
who have chosen surgical treatment and is 
summarized in Table 1. 

Discussion of the value of a diagnostic test in- 
cludes analysis of the cost, both for the individual 
and society. These costs for an individual UDS 
evaluation are not inconsequential and should 
be weighed with possible increases and de- 
creases in the overall cost of caring for patients 
with MLUTS. Potential cost benefits that may 
stem from better diagnostic information include 
decreasing trial-and-error therapy, not only by 
identifying patients with non-BPO MLUTS and 
avoiding the cost of unnecessary medications 
and surgery but also by identifying patients with 
severe symptoms and proven obstruction that 
may benefit from early surgical intervention to 
avoid the cascade effect: many years of medical 
therapy, then minor surgery, then major surgery. 
DiSantostefano and colleagues?! investigated 
the cost and effectiveness of 6 different treat- 
ments for BPH with a 20-year decision analytical 
model and found that the cost of combination 
therapy exceeded that of surgical therapy at 
around 10 years and that the cost difference 
was especially pronounced in younger men 
(Fig. 3). The investigators note that risk aversion 
and patient preferences likely play a key role in 
evaluating which treatment is best for an individ- 
ual. Finally, UDS with improved counseling could 
result in more informed patients with care that 
meets expectations. 


Urodynamic obstruction as a predictor of success after outlet reduction 


Study, Year Subjects (N) Outcomes 


Tanaka 
et al,? 2006 


92 men undergoing TURP 
linPURR 0-1 (37) 
linPURR 2-3 (38) 
linPURR 4-6 (17) 


Machino 62 men undergoing TURP 


et al,?? 2002 


Excellent/good composite outcome (%) 
62.2 
84.2 
88.2 


Excellent/good composite outcome (%) 


Equivocal — detrusor instability (21) 82 


Equivocal 1 detrusor instability (7) 29 
Obstructed — detrusor instability (13) 54 


Obstructed 1 detrusor instability (21) 88 


van Venrooij 
et al,°° 2003 


93 men undergoing TURP 


Unobstructed/equivocal (34) 
Obstructed (59) 


Data from Refs.22°° 


Median flow rate 

reduction (mL/s) 
7.8 10 
11 14 


Median symptom 
index reduction 
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Fig. 3. Expected costs for each treatment over time 
based on 2004 costs and 3% discount rate: cohort of 
1000 men aged 65 years. The plot assumes switching 
among pharmaceuticals and watchful waiting. AB, 
a-blockers; ARI, 5 alpha reductase inhibitor; combo, 
combined pharmacotherapy; TUMT, transurethral 
microwave therapy; TURP, transurethral resection of 
prostate; WWW, watchful waiting. (From DiSantoste- 
fano R, Biddle A, Lavelle J. An evaluation of the eco- 
nomic costs and patient-related consequences of 
treatments for benign prostatic hyperplasia. Br J 
Urol 2006;97:1012; with permission.) 


SUMMARY 


UDS adds value to the evaluation and manage- 
ment of patients with MLUTS when providers are 
critically assessing treatment strategies and desire 
the most definitive information. PFUDS offers the 
best available data to educate patients consid- 
ering invasive therapy and allows the provider to 
combine their skills and knowledge with confi- 
dence in the diagnosis to realistically engage in 
shared decision making. The authors see PFUDS 
as a useful tool to ensure that patients are appro- 
priately selected for irreversible and potentially 
morbid treatments and to improve satisfaction 
with outcomes. As new therapies emerge and 
accepted modalities are modified, large well- 
designed studies that identify pretreatment urody- 
namic parameters that are useful for selecting 
patients for specific modalities are needed to 
improve the delivery of care for patients with 
MLUTS. 
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Urodynamics in Pelvic 


Organ Prolapse 


When Are They Helpful and How Do We Use 


Them? 


Katie N. Ballert, MD 


KEYWORDS 


e Pelvic organ prolapse ¢ Urodynamics ¢ Occult stress urinary incontinence ¢ Stress testing 


e Detrusor overactivity 


KEY POINTS 


e The utility of urodynamics in women with pelvic organ prolapse (POP) is still being elucidated. 
e Urodynamics can be used to identify stress incontinence on prolapse reduction (occult stress 


urinary incontinence [SUI]) in patients with POP. 


e In patients who are clinically continent, urodynamics may be useful if patients and physicians are 
amenable to selective management of the urethra at the time of POP repair. 
e The usefulness of urodynamics seems limited in patients with POP and overactive bladder (OAB) 


symptoms. 


e The decision to perform preoperative urodynamics should be made on an individual basis and with 
a clear understanding of how the results will have an impact on patient counseling or treatment. 


INTRODUCTION 


POP is a common clinical condition that affects 
millions of women. There is an estimated 11.1% 
lifetime risk that a woman will undergo surgery 
for POP or incontinence by 80 years of age, with 
a 30% reoperation rate.' POP and urinary inconti- 
nence have a significant impact on quality of life? 
and health care costs.° The number of patients 
seeking treatment of POP and urinary inconti- 
nence is predicted to increase dramatically over 
the next several years. The incidence of POP and 
urinary incontinence has been found to increase 
with advanced age.' According to United Nations 
World Population Ageing data, the number of per- 
sons age 60 or older has surpassed 700 million 
and it is projected that by 2050 2 billion persons 
60 years or older will be alive.* Luber and col- 
leagues? note that women over the age of 60 are 


more likely to seek medical care for pelvic floor 
disorders and predicte a 45% increase in the de- 
mand for treatment of pelvic floor disorders 
including POP over the next 30 years. 
Urodynamics (specifically, filling cystometro- 
gram and pressure flow urodynamics) has become 
a standard part of the evaluation of patients with 
POP and/or urinary incontinence for many pro- 
viders. The routine use of preoperative urodyna- 
mics in all patients, however, has been under 
increasing amounts of scrutiny as the medical 
community seeks to practice evidence-based 
medicine. POP can be associated with various 
lower urinary tract symptoms, including storage 
symptoms, urinary incontinence and voiding 
symptoms; however, it is often unclear how these 
symptoms will correlate with urodynamic findings. 
It is also unclear if urodynamic findings will 
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correlate with postoperative outcomes or how the 
data should have an impact on patient counseling 
and surgical planning. 


EVALUATION FOR STRESS INCONTINENCE ON 
PROLAPSE REDUCTION (OCCULT STRESS 
URINARY INCONTINENCE) 


Stress incontinence on prolapse reduction, also 
known as occult SUI or latent stress incontinence, 
is SUI that occurs in women with POP only after the 
prolapse is reduced. It is thought related to kinking 
of the urethra® that is relieved with prolapse reduc- 
tion. Prolapse reduction has been reported to un- 
mask SUI on prolapse reduction in 36% to 80% 
of clinically continent women with severe POP.°® 
In a review of the records of 24 continent women 
with stage 3 or 4 prolapse, Chaikin and col- 
leagues’ found that 14 (68%) had demonstrable 
SUI on urodynamic testing with a pessary in place. 
Gordon and colleagues? evaluated 45 clinically 
continent women with stage 3 POP, of whom 30 
(67%) demonstrated SUI after repositioning the 
prolapse with a ring pessary during preoperative 
urodynamic evaluation. Ghoniem and colleagues '° 
found that in 11 of 16 (69%) continent women with 
large cystoceles, SUI was noted on evaluation 
after prolapse reduction with vaginal packing. 

In addition, POP repair was previously shown to 
result in postoperative SUI in 11% to 22% of 
clinically continent women.'':'? Stanton and col- 
leagues'' reported an 11% rate of postoperative 
SUI within 3 months in a group of patients under- 
going anterior colporrhaphy with or without vaginal 
hysterectomy. Borstad and Rud" found that 22% 
of clinically continent women undergoing a Man- 
chester procedure for POP had postoperative SUI. 

Several studies have documented the use of 
urodynamics to demonstrate stress incontinence 
on prolapse reduction in women with POP; how- 
ever, its impact on postoperative outcomes re- 
mains highly debated. Most investigators agree 
that in patients with POP and symptomatic SUI, a 
simultaneous anti-incontinence procedure should 
be performed. Urodynamics is often used to eval- 
uate patients with POP who do not have clinical 
SUI in an effort to identify those patients who are 
at risk for developing postoperative SUI and thus 
may benefit from simultaneous anti-incontinence 
procedure. The question remains, however: Can 
preoperative urodynamics be relied on to accu- 
rately predict those patients who will develop 
postoperative SUI without a simultaneous anti- 
incontinence procedure? And, should those pa- 
tients without SUI demonstrated on urodynamics 
with reduction of prolapse be recommended to 
have POP repair alone? 


The author and colleagues previously evaluated 
a urodynamic protocol used for managing the ure- 
thra at the time of transvaginal POP repair, '* look- 
ing at 105 patients with stages 2—4 POP in which a 
simultaneous midurethral synthetic sling was per- 
formed at the time of transvaginal POP repair if ur- 
odynamic SUI or SUI on prolapse reduction was 
demonstrated. If there was no demonstrable SUI 
on urodynamics with or without prolapse reduc- 
tion, then a sling was not performed. Using this 
protocol, when a midurethral synthetic sling was 
placed, the risk of intervention due to obstruction 
(8.5%) was found essentially equal to the risk of 
subsequent intervention for SUI (8.3%) when no 
Clinical, urodynamic, or SUI on prolapse reduction 
was present and no sling was placed. These data 
suggest that urodynamics may identify a subset of 
patients who may not need a prophylactic anti- 
incontinence procedure at the time of transvaginal 
POP repair. Also, in patients who reported clinical 
SUI but did not demonstrate SUI on urodynamic 
with or without reduction of prolapse, and thus 
did not have a simultaneous sling, the risk of post- 
operative intervention for SUI was 30%. It could be 
argued that based on the 30% risk of repeat sur- 
gery, a simultaneous sling should be performed 
in all patients with clinical SUI regardless of uro- 
dynamic findings indicating that preoperative uro- 
dynamics may not be necessary in these patients. 
Conversely, the urodynamic results could be used 
to counsel the small subset of patients with clinical 
SUI but no urodynamic SUI or SUI on prolapse 
reduction that there is a 70% chance that they 
would not require a second surgery. 

In another study, Chermansky and colleagues! 
evaluated postoperative incontinence and patient 
satisfaction using selective management of the 
urethra at the time of POP repair. They evaluated 
42 patients with advanced apical and/or anterior 
compartment POP. Patients with clinical, occult, 
or urodynamic SUI were treated with a simulta- 
neous sling procedure. Those without clinical or 
demonstrable SUI were treated with POP repair 
alone: 30 patients completed all of the postopera- 
tive questionnaires (Urogenital Distress Inventory 
[UDI-6], Patient Global Impression of Improvement 
[PGI-I], and Medical, Epidemiological, and Social 
Aspects of Aging [MESA]); 14 of the patients un- 
derwent only POP repair; and 16 patients had a 
POP repair with sling. There was no statistically 
significant difference in questionnaire results be- 
tween those patients who underwent POP repair 
alone and those who had a simultaneous sling pro- 
cedure. The mean of both groups reported their 
condition as “much better” on the PGI-I question- 
naire. Only 1 patient in the POP repair—only group 
returned with postoperative SUI and underwent a 


subsequent sling procedure. The investigators 
also evaluated the cost variance between the 2 
groups and found an estimated total cost savings 
of $55,804 using selective management. 

Elser and colleagues"? evaluated the use of pre- 
operative urodynamics to determine the need for 
an anti-incontinence procedure at the time of 
abdominal sacrocolpopexy. They retrospectively 
reviewed 463 patients who underwent abdominal 
sacrocolpopexy; 204 patients had SUI on preoper- 
ative urodynamics either with or without prolapse 
reduction and 237 patients had no SUI. All of the 
patients with preoperative SUI underwent a simul- 
taneous anti-incontinence procedure; 157 patients 
(77%) underwent a midurethral synthetic sling 
(either retropubic or transobturator) and 47 pa- 
tients (23%) underwent Burch urethropexy. Charts 
were available for review on 441 patients. At 
6 weeks postoperatively, 178 (87.3%) of the pa- 
tients who had SUI and underwent an anti- 
incontinence procedure and 220 (92.8%) of the 
patients without preoperative SUI, and thus no 
anti-incontinence procedure, reported no inconti- 
nence. The authors concluded that urodynamics 
is useful in determining the need for an anti- 
incontinence procedure at the time of abdominal 
sacrocolpopexy and recommended that patients 
without preoperative SUI (including SUI with 
reduction of prolapse) not undergo simultaneous 
anti-incontinence surgery. 

In addition to these studies, several other small 
studies have suggested that clinically continent 
patients without urodynamic SUI with reduction 
of prolapse are unlikely to develop postoperative 
SUI after POP repair.” 1®17 Some also demonstrate 
a high rate of postoperative SUI in patients with SUI 
on prolapse reduction who did not undergo a 
simultaneous anti-incontinence procedure. '°'” 

In a study by Chaikin and colleagues,’ 24 
women without clinical symptoms of SUI were 
evaluated; 14 patients were found to have SUI on 
prolapse reduction during urodynamic evaluation 
and underwent an autologous fascia sling. Of the 
10 patients who did not have a sling, none devel- 
oped postoperative SUI at an average of almost 
4 years’ follow-up. Another small retrospective 
study by Araki and colleagues '° evaluated the util- 
ity of preoperative urodynamics to predict post- 
operative urinary symptoms. They evaluated 
records of 87 patients who underwent surgery for 
POP. Of the 22 patients with SUI on prolapse 
reduction, 13 did not undergo simultaneous trans- 
obturator midurethral synthetic sling. Of those 13 
patients, 62% developed symptomatic postopera- 
tive SUI; 49 patients did not demonstrate SUI on 
prolapse reduction on preoperative urodynamics; 
and only 2 (4%) developed postoperative SUI. 


Urodynamics in Pelvic Organ Prolapse 


Liang and colleagues!” reported on 79 patients 
with severe POP but without clinical SUI; 30 pa- 
tients did not demonstrate SUI on prolapse reduc- 
tion on preoperative urodynamics and underwent 
POP repair alone. None of the 30 patients devel- 
oped SUI postoperatively. Furthermore, in the 49 
patients who had SUI on prolapse reduction on 
preoperative urodynamics, POP repair alone was 
performed in 17 patients and simultaneous 
tension-free vaginal tape (TVT) was performed in 
32 patients. The investigators found that patients 
with SUI on prolapse reduction who underwent 
POP repair alone had a significantly higher rate 
of subjective and objective SUI compared with 
patients who underwent simultaneous TVT place- 
ment (64.7% and 53% vs 10% and 0%, respec- 
tively). In the author and colleagues’ study'® 
(discussed previously), 22 of 24 women (91.7%) 
without symptomatic or SUI on prolapse reduction 
did not require further intervention for SUI after 
POP repair. 

There are also studies that question the utility of 
stress testing during urodynamics in women with 
prolapse.'®?° Recently, the Outcomes Following 
Vaginal Prolapse Repair and Mid Urethral Sling 
(OPUS) Trial found that a prophylactic midurethral 
synthetic sling performed at the time of transvagi- 
nal POP repair resulted in lower rates of urinary in- 
continence at 3 and 12 months postoperatively 
regardless of preoperative prolapse reduction 
stress testing. 18 In this study Wei and colleagues ‘® 
evaluated 337 women with anterior prolapse (stage 
2 or higher) without symptoms of SUI who were 
planning to undergo transvaginal POP repair. Eval- 
uation included a preoperative prolapse reduction 
stress test (at a bladder volume of 300 mL with 
the prolapse reduced with 1 or 2 large swabs) but 
did not include preoperative urodynamic evalua- 
tion. Women were randomly assigned to undergo 
simultaneous midurethral synthetic sling or sham 
incisions during the POP repair. All the slings 
placed were performed in a retropubic fashion 
(Gynecare TVT, Ethicon, Bridgewater, NJ, USA); 
however, the transvaginal procedures performed 
to address the POP varied. 

Of the randomized patients, 327 (97%) 
completed 1-year follow-up. At 3 months’ 
follow-up, 23.6% who had a sling and 49.4% of 
patients in the sham group had postoperative 
SUI. At 12 months, urinary incontinence (allowing 
for subsequent treatment) was present in 27.3% 
and 43.0%, respectively. The number needed to 
treat with a sling to prevent 1 case of urinary incon- 
tinence at 1 year was 6.3. Preoperatively, 33.5% of 
women had a positive prolapse reduction stress 
test. At 3 months, 29.6% of the sling group versus 
71.9% of the sham group had urinary incontinence, 
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indicating that women with a positive stress test 
preoperatively received more benefit from a sling 
than those with a negative test. This difference 
was not statistically significant at 12 months, how- 
ever. During the first year postoperatively, 1 woman 
(0.6%) in the sling group underwent surgery for uri- 
nary incontinence and 4 (2.4%) underwent surgery 
for voiding dysfunction. Adverse events, including 
bladder perforation, major bleeding complications, 
and incomplete bladder emptying in the first 
6 weeks after surgery, were also all more common 
in the sling group than in the sham group. 

Visco and colleagues'? questioned the utility of 
stress testing specifically during urodynamics in 
women with prolapse based on findings from the 
Colpopexy and Urinary Reduction Efforts (CARE) 
trial. The CARE trial found that a significant num- 
ber of patients who did not leak during preopera- 
tive testing developed postoperative SUI. In the 
trial, 322 patients undergoing abdominal sacro- 
colpopexy for stages II-IV POP were randomized 
to concomitant Burch colposuspension (157 pa- 
tients) or to the control group (165 patients). Of 
the women in each group, 36% had SUI on pro- 
lapse reduction on preoperative urodynamics. In 
the control group (no Burch), postoperative SUI 
occurred in 38% with a negative stress reduction 
test. 

The CARE trial has been cited as level 1 evi- 
dence that a Burch colposuspension should 
routinely be performed at the time of abdominal 
sacrocolpopexy.”° At 3 months postoperatively, 
23.6% of the women who underwent Burch colpo- 
suspension versus 44.1% of controls met at least 
1 criterion for SUI. Furthermore, Burch colposus- 
pension decreased SUI postoperatively even in 
the patients who did not have SUI on prolapse 
reduction preoperatively (20.8% vs 38.2%). 
Togami and colleagues?! pointed out, however, 
that in the CARE trial, 62% of patients did not 
leak after abdominal sacrocolpopexy alone, high- 
lighting that greater than 50% of patients would 
be overtreated. They also noted that Burch colpo- 
suspension only resulted in an 18% reduction in 
postoperative SUI. 

The CARE trial found that women who demon- 
strated preoperative urodynamic SUI on prolapse 
reduction were more likely to have postoperative 
SUI regardless of whether they underwent a simul- 
taneous Burch procedure. In the control group, 
58% percent of patients with a positive stress 
reduction test developed postoperative SUI com- 
pared with 38% of those with a negative stress 
reduction test. In the group who underwent simul- 
taneous Burch, 32% with a positive stress test 
experienced postoperative SUI compared with 
21% of patients with a negative test. The 


investigators acknowledged that this information 
could be used for preoperative counseling but 
questioned whether it would have an impact on 
patient management. '° 


METHODS OF PROLAPSE REDUCTION 


Some investigators have criticized the ability of pre- 
operative testing to reproduce the postoperative 
anatomic urethral positioning and thus its ability 
to accurately identify patients who will develop 
SUI.27° Currently, there is no standardized 
method of prolapse reduction used to test for SUI 
on prolapse reduction. In the CARE trial, rates of 
detection of SUI on prolapse reduction varied 
based on the method of prolapse reduction.'? 
Use of a pessary resulted in the lowest rates at 
6% and the speculum was the highest at 30%. 
They also evaluated manual reduction (16%), 
reduction with a swab (20%), and reduction with 
ring forceps (21%). The sensitivity of the reduction 
tests ranged from 5% to 39% and the specificity 
from 74% to 96%. During reduction testing, 
adequately reducing the prolapse while avoiding 
artificial obstruction of the urethra or overcorrection 
of the urethrovesical junction must be attempted. 
Reproducibility of the reduction maneuvers has 
also been shown to vary based on the characteris- 
tics of the prolapse.** Patients who have complete 
vault eversion may require more aggressive ma- 
neuvers to reduce the prolapse. This may lead to 
excessive flattening of the posterior urethrovaginal 
angle and a false-positive stress test.** 


EVALUATION OF CONCOMITANT STORAGE 
SYMPTOMS 


Frequency, urgency, and urinary urgency inconti- 
nence (UUI) are reported to occur in up to 86% 
of patients with POP.*:2°° Furthermore, surgical 
treatment of POP has been reported to improve 
frequency and UUI in 31% to 76% and 49% to 
82% of patients, respectively.2’”-°° The utility of 
urodynamics to predict persistent postoperative 
storage symptoms after POP repair is, however, 
poorly defined. 

In the retrospective study by Araki and col- 
leagues, '° detrusor overactivity was demonstrated 
in 31% of patients with urinary urgency. After POP 
repair, urgency persisted in 87% (13/15) of pa- 
tients who demonstrated detrusor overactivity on 
preoperative urodynamics. It resolved in 70% 
(23/33) of patients who did not demonstrate 
detrusor overactivity preoperatively.'® In another 
study, Fletcher and colleagues?” retrospectively 
evaluated 88 patients who underwent an anterior 
vaginal prolapse repair. Evaluation included 


preoperative and postoperative UDI-6 scores for 
frequency and UUI as well as preoperative urody- 
namics. Detrusor overactivity was demonstrated in 
20 (19%) of the patients preoperatively. They 
found that 31% of patients had improvement in 
urinary frequency and 49% had improvement in 
UUI postoperatively, but preoperative detrusor 
overactivity did not correlate with resolution or 
persistence of symptoms. The only variable that 
emerged as an independent risk factor for persis- 
tent UUI postoperatively was higher preoperative 
detrusor pressure at maximum flow. They sug- 
gested that prolapse-induced obstruction may 
contribute to alterations in detrusor function that 
led to persistent OAB symptoms. 

Wolter and colleagues?’ retrospectively re- 
viewed 111 patients who underwent anterior 
POP repair and sling procedure. Preoperatively, 
54% presented with symptoms of mixed urinary 
incontinence, 25% SUI, and 9% UUI. The remain- 
ing 12% were asymptomatic but demonstrated 
SUI on prolapse reduction. The patients with UUI 
also had SUI on prolapse reduction; 35 patients 
(31.5%) had detrusor overactivity on preoperative 
urodynamics. The rate of urgency/UUI decreased 
from 63% (70/111) preoperatively to 30% (33/ 
111) postoperatively. Preoperative detrusor over- 
activity was not predictive, however, of persistent 
postoperative urge-related symptoms. The rate 
of urgency/frequency was 28.6% (10/35) in the pa- 
tients with preoperative detrusor overactivity and 
30.3% (23/76) in the patients without detrusor 
overactivity on preoperative urodynamics. 

It is not surprising that preoperative detrusor 
overactivity has not been consistently shown to 
correlate with postoperative symptom persistence 
or resolution. It is well known that many patients 
with frequency, urgency, and UUI do not demon- 
strate detrusor overactivity on urodynamics,°! 
whereas other patients who do not have lower uri- 
nary tract symptoms demonstrate detrusor over- 
activity.°° Foster and colleagues*°? previously 
noted a lack of correlation between OAB symp- 
toms and demonstrable urodynamic detrusor over- 
activity. They prospectively evaluated 65 elderly 
women undergoing transvaginal surgery for ad- 
vanced POP. Detrusor overactivity was docu- 
mented on preoperative urodynamics in 25% of 
the patients, but preoperative urodynamic parame- 
ters did not correlate with the presence or absence 
of OAB symptoms. Only 2 (7%) patients with UUI 
had demonstrable detrusor overactivity on preop- 
erative urodynamics. They also demonstrated sig- 
nificant improvement in OAB symptoms after POP 
repair. At 12 months, they found that urgency, fre- 
quency, and UUI resolved in 76%, 54.6%, and 
75% of patients, respectively. 
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It seems that urodynamic findings may be of 
limited value for preoperative counseling in pa- 
tients with POP and OAB. They are also unlikely 
to have an impact on surgical planning in these pa- 
tients. Urodynamics should be performed in pa- 
tients with neurologic disease or risk factors for 
impaired bladder compliance, however, especially 
if a simultaneous anti-incontinence procedure is 
considered at the time of POP repair. Increasing 
outlet resistance in the face of impaired compli- 
ance could be detrimental to renal function. 


EVALUATION OF VOIDING SYMPTOMS OR 
ELEVATED POSTVOID RESIDUAL 


Bladder outlet obstruction is a common urody- 
namic finding among women with advanced 
POP.°*:** Approximately 21% of women with 
stage 2 POP and 33% of those with stage 3 or 4 
POP report difficulty with bladder emptying.*° 
These symptoms may improve after surgical 
correction of the prolapse due to resolution of the 
obstruction.** It has also been suggested that 
bladder outlet obstruction may contribute to OAB 
symptoms in women with advanced POP.?’:°° 
The American Urological Association (AUA)/ 
Society for Urodynamics and Female Urology 
(SUFU) guideline on urodynamic studies in adults 
states that urodynamics with POP reduction may 
be used to assess for detrusor dysfunction in 
women with associated lower urinary tract symp- 
toms. The investigators suggested that urodynam- 
ics with POP reduction may help determine if 
elevated postvoid residual urine (PVR) is due to de- 
trusor underactivity or outlet obstruction or a com- 
bination of the two.°’ Some investigators have 
suggested factoring elevated PVR or detrusor un- 
deractivity into protocols that determine the need 
for simultaneous anti-incontinence procedure at 
the time of POP repair.2'°° Many investigators 
suggest avoiding simultaneous sling placement in 
patients at risk for voiding disorders, but this pa- 
tient population has not been well defined. 18:21:38 
Furthermore, few studies have actually examined 
the utility of urodynamics to predict postoperative 
voiding dysfunction after POP with or without 
simultaneous anti-incontinence procedure. 
Romanzi and colleagues** prospectively evalu- 
ated 60 women with grades 1 to 4 POP to deter- 
mine if POP causes obstruction that can be 
relieved by reduction with a pessary. They found 
that 70% of women with grades 3 and 4 prolapse 
(Baden-Walker) had urodynamic bladder outlet 
obstruction compared with only 3% of those with 
grades 1 and 2 POP. They defined bladder outlet 
obstruction as maximum detrusor pressure at a 
maximum flow of greater than 25 cm H2O with 


Ballert 


maximum flow less than 15 mL/s. They also found 
that 94% of those women with grade 3 or 4 POP 
and bladder outlet obstruction had normal free 
uroflowmetry after prolapse reduction with a ring 
pessary. Furthermore, 13% of women met their 
criteria for impaired detrusor contractility, which 
they defined as maximum detrusor pressure less 
than 15 cm H20, with maximum flow less than 
15 mL/s. The study did not comment, however, 
on treatment or postoperative outcomes for these 
patients. 

Fletcher and colleagues’ also looked at voiding 
difficulty in their retrospective study of 88 women 
who underwent anterior vaginal wall POP repair. 
Preoperatively, 30 (29%) patients reported diffi- 
culty emptying. Operative management resulted 
in improvement in the voiding symptoms in 74% 
of those patients. Patients with improvement in dif- 
ficulty emptying had significantly higher preopera- 
tive PVR volumes than those without improvement 
(129 mL vs 31 mL). Improvement was not related 
to higher cystocele grade but was correlated 
with older age. 

Mueller and colleagues?’ evaluated 31 women 
with advanced POP undergoing urodynamics 
and found that there was no statistically significant 
difference in maximum cystometric capacity, 
voided volume, maximal flow, or detrusor pressure 
at maximal flow with or without prolapse reduction. 
The only significant difference was a decrease in 
maximum urethral closure pressure with prolapse 
reduction. Despite no difference in the voiding pa- 
rameters, when they applied the criteria of bladder 
outlet obstruction used by Romanzi and col- 
leagues** to their patient population, 40% of pa- 
tients met the criteria for obstruction when the 
prolapse was not reduced, whereas only 17% 
met the criteria with reduction. As in Romanzi 
and colleagues’ study, there was no mention of 
treatment or postoperative outcomes in the study. 

Finally, there are several studies evaluating the 
ability of preoperative urodynamics to identify 
patients at risk for voiding dysfunction after anti- 
incontinence procedures.*°** These studies 
provide conflicting data regarding the utility of 
urodynamics. Some of the studies included pa- 
tients undergoing simultaneous prolapse repair, 
but they were not designed to specifically evaluate 
patients with preoperative voiding symptoms or 
elevated PVR. 


OTHER OPTIONS FOR PREOPERATIVE 
TESTING IN PATIENTS WITH POP 


The AUA/SUFU guideline states that stress testing 
should be performed with reduction of the POP 
in women with high-grade POP without the 


symptoms of SUI.°” If SUI on prolapse reduction 
is the only thing looked for, however, then a simple 
stress test with the prolapse reduced can be per- 
formed and urodynamics may be avoided in pa- 
tients with a positive result. Another option is a 
trial of pessary. This allows for evaluation during 
patients’ normal daily activities. This relies on pa- 
tients agreeing to a trial of pessary and having a 
successful fitting. Prior studies have reported suc- 
cessful pessary fitting trial rates in 63% to 74% of 
patients.4*~“’ Rates vary depending on the defini- 
tion used. Handa and Jones’? retrospectively 
evaluated 56 consecutive women treated with a 
pessary for symptomatic POP. They initially used 
ring pessaries for fitting and, if needed, a donut 
pessary was used; 64% or women had a success- 
ful fitting; 5 women (9%) failed fitting at the first 
visit; and an additional 15 women (27%) discontin- 
ued use within 3 months.*° Clemons and col- 
leagues“* reported on 100 consecutive women 
with POP who underwent pessary fitting; 73 had 
a successful 2-week trial, and, among the women 
without baseline SUI, 21% developed SUI on pro- 
lapse reduction. 

Chughtai and colleagues’ evaluated the use of 
an ambulatory pessary trial to evaluate for SUI on 
prolapse reduction in women undergoing surgical 
repair of POP. They evaluated patients with preop- 
erative urodynamics with and without prolapse 
reduction and offered them a home pessary trial. 
Of the 41 women who accepted the pessary trial, 
26 (63.4%) were able to retain the pessary for at 
least 1 week; 10 of the 26 women (38%) did not 
have SUI (clinical, on physical examination, during 
urodynamic testing, or during the pessary trial) and 
underwent POP repair alone. None of these 
women developed postoperative SUI: 16 (61%) 
demonstrated SUI on prolapse reduction; 3 of 
these (19%) had negative stress testing during 
video urodynamics and were identified only by 
the pessary trial. They also found that the pessary 
test accurately predicted persistent urgency, fre- 
quency, and voiding difficulty. They specifically 
recommended a home pessary trial for women 
with severe POP and no evidence of SUI during 
urodynamics; however, physicians could also 
consider offering a home pessary test instead of 
urodynamics. 

Another option is provocative stress testing with 
a pessary in place. Reena and colleagues’? used a 
pessary test to evaluate for SUI on prolapse reduc- 
tion in 88 continent women. All participants were 
fitted with a pessary and given pyridium. They 
then underwent a regimen of provocative exer- 
cises (stair climbing, standing from a sitting posi- 
tion, coughing, and stooping) and their pad was 
examined for orange discoloration. Participants 


subsequently underwent vaginal hysterectomy 
and POP repair without a simultaneous anti- 
incontinence procedure; 10 women were lost to 
follow-up. Of the remaining 78 women, 68% had 
a positive test and, of these, 64.2% developed 
postoperative SUI at 6 weeks’ follow-up; 25 
women did not demonstrate SUI on prolapse 
reduction preoperatively and all remained conti- 
nent at 6 weeks. 


SUMMARY 


The utility of urodynamics in patients with POP is 
still being elucidated. It is not a requirement for 
all patients planning surgical repair. The need for 
urodynamics prior to POP repair should be 
determined for each individual patient. Prior to 
performance of urodynamics, physicians should 
consider how the results will impact on preopera- 
tive patient counseling or surgical planning. 

The usefulness of urodynamics seems limited in 
patients with POP and OAB symptoms as well as 
in those with straightforward clinical SUI. In pa- 
tients who are clinically continent, however, uro- 
dynamics may be useful if patient and physician 
are amenable to selective management of the ure- 
thra at the time of POP repair. This decision can be 
made only after counseling a patient and deter- 
mining preference regarding a simultaneous pro- 
phylactic anti-incontinence procedure versus the 
risk of requiring a second procedure. The potential 
complications of anti-incontinence procedures (de 
novo OAB, bladder outlet obstruction, and mesh- 
related complications if a synthetic sling is per- 
formed) must also be considered. Complications 
rates after sling procedures are higher in women 
with high-stage POP‘? and patients should be 
aware of this. 
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Urodynamics for 
Postprostatectomy 


Incontinence 


When Are They Helpful and How Do We Use 


Them? 
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e Postprostatectomy incontinence ¢ Urodynamics ¢ Stress urinary incontinence 
e Detrusor underacitivity e Detrusor overactivity + Low bladder compliance 


e Artificial urinary sphincter + Male sling 


KEY POINTS 


e Urodynamics is indicated for the evaluation of postprostatectomy incontinence (PPI) unless an arti- 
ficial urinary sphincter (AUS) placement is the preferred option, as in cases of severe incontinence, 
prior radiation, or previous male sling or AUS placement—when male sling is unlikely to achieve 


efficacy. 


e Urodynamics should be performed only when there is a question it can answer that would affect 


treatment choice or outcome. 


e Urodynamic findings of detrusor underactivity, overactivity, and reduced compliance are important 
considerations in deciding how best to treat postprostatectomy incontinence. 


INTRODUCTION 


Approximately 70% of men 2 years after radical 
prostatectomy suffer some degree of PPI and 
1% to 5% of these patients ultimately seek surgi- 
cal management of their incontinence after radical 
prostatectomy.'* The rate of incontinence after 
surgery for benign prostatic hyperplasia (BPH) is 
much lower, approximately 2%.° Although stress 
urinary incontinence (SUI) is the most common 
cause of PPI, urgency incontinence, mixed incon- 
tinence, and overflow incontinence must also be 
considered. Furthermore, 50% to 70% of men 
with postprostatectomy SUI have some form of 
concurrent bladder dysfunction (overactivity, 


underactivity, or decreased bladder compli- 
ance).°* Urodynamic testing is an important part 
of the PPI evaluation when the pathophysiology 
of PPI is unclear or if a patient is planning 
to undergo invasive anti-incontinence surgery. 
Urodynamics can uncover concurrent bladder 
dysfunction (such as detrusor underactivity, over- 
activity, or poor compliance) and quantify the de- 
gree of bladder neck and proximal urethral 
mobility as well as the degree of intrinsic sphincter 
deficiency (ISD). These findings may be helpful in 
providing prognostic information for the patient 
and for selecting the most appropriate treatment 
options. 
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EVALUATION OF POSTPROSTATECTOMY 
INCONTINENCE 


Evaluation of patients with PPI should begin with a 
detailed history of lower urinary tract symptoms. 
The pathophysiology of PPI is variable, and history 
alone is not sufficient to distinguish between 
bladder causes (poor compliance, detrusor over- 
activity, and detrusor underactivity) and outlet 
causes (sphincteric insufficiency or bladder outlet 
obstruction with overflow) of incontinence. A 
bladder diary is useful for quantifying urinary fre- 
quency, number and severity of incontinence 
episodes, and functional bladder capacity. It is 
important to demonstrate leakage on physical 
examination to confirm the diagnosis of SUI. 
Leakage should occur during cough or bearing 
down and cease at the end of the straining maneu- 
ver. This sign confirms the presence of ISD but is 
not a definitive test of bladder storage or of voiding 
function. 


INDICATIONS FOR URODYNAMICS 


Urodynamics is indicated in the evaluation of PPI if 

there is a question whose answer can have an 

impact on treatment algorithm or outcome. 
Important questions include the following: 


e What is the pathophysiology of the inconti- 
nence? Is it the result of ISD, detrusor 
overactivity, diminished compliance, and/or 
bladder outlet obstruction with overflow? 

e Is there adequate bladder contractility (to 
overcome the resistance of a male sling)? 

e |s there high-pressure storage due to impaired 
bladder compliance? 

e |s there detrusor overactivity? 

e Is there bladder outlet obstruction? 

e Is there bladder neck or urethral mobility? 


URODYNAMIC FINDINGS AND THEIR 
RELEVANCE 


Multichannel urodynamic studies in men with 
persistent incontinence after radical prostatec- 
tomy have shown that ISD is by far the most com- 
mon finding. ISD is found in approximately 90% of 
men with PPI. Among men with ISD, however, only 
25% to 50% have ISD alone without concomitant 
bladder dysfunction on urodynamics.°° Detrusor 
overactivity is found in approximately 30% to 
40%, decreased contractility in 30% to 40%, 
bladder outlet obstruction in 20% to 25%, and 
decreased compliance in 5% of men undergoing 
urodynamics for PPI."'' Approximately 15% of 
patients with PPI demonstrate only bladder 
dysfunction without ISD.°° 


Bladder dysfunction may result from pre-existing 
outlet obstruction or age-related detrusor overac- 
tivity or may occur de novo after prostatectomy 
as a result of bladder denervation or obstruction 
due to anastomotic stricture. Impaired detrusor 
contractility, which occurs in 29% to 61% of pa- 
tients after radical prostatectomy (de novo in 
approximately 47%), and poor compliance, which 
occurs in 8% to 39% of patients (de novo in 
approximately 50%), have traditionally been 
thought to resolve within 8 months. '*:'% 

Treatment options differ depending on the 
etiology of PPI. The management of postprosta- 
tectomy SUI is primarily surgical, with options 
including injection of periurethral bulking agents, 
male sling, and AUS. Detrusor overactivity should 
be treated initially with behavioral modification, 
pelvic floor exercises, and pharmacotherapy (anti- 
muscarinics or B3-agonists). In refractory cases, 
chemodenervation with botulinum toxin injection 
or neuromodulation may be efficacious. Detrusor 
underactivity and/or bladder outlet obstruction 
causing overflow incontinence may require inter- 
mittent self-catheterization. Diminished bladder 
compliance can be difficult to treat, usually starting 
with antimuscarinics and scheduled voiding to 
prevent high intravesical pressures. 


Detrusor Underactivity 


Detrusor contractility plays a vital role during 
micturition, especially after the placement of a 
potentially obstructing sling. It is an important 
finding in men with PPI because a weak bladder 
is a relative contraindication to male sling surgery. 
Because the male sling is designed to prevent 
leakage during straining, it follows logically that 
patients with weak detrusors who rely on abdom- 
inal straining to facilitate efficient bladder 
emptying are at higher risk for retention after sling 
surgery. 

The International Continence Society defines 
detrusor underactivity as a contraction of reduced 
strength and/or duration, resulting in prolonged 
bladder emptying and/or a failure to achieve com- 
plete bladder emptying within a normal period. 
Detrusor contractility is assessed during the 
pressure-flow portion of urodynamics but the spe- 
cific method of evaluation has not been standard- 
ized, and there are no agreed-on normal values of 
detrusor pressure during voiding in men who are 
status postprostatectomy. In most urodynamics 
studies of patients with PPI, detrusor underactivity 
has been defined using surrogate measures such 
as (1) the presence of Valsalva voiding, (2) low 
detrusor pressure at maximum flow (PdetQmax), 
or, most commonly, (8) bladder contractility 


nomograms developed for men with BPH, derived 
using both urinary flow rates (Qmax) and 
PdetQmax."' 

The use of surrogate measures of detrusor 
contractility based on BPH nomograms, however, 
can be inaccurate in men after prostate extirpation 
because of the low outflow resistance state in 
these men. In such patients, the contractile pres- 
sure required to maintain axial flow can approach 
zero. Thus, PdetQmax can be low due to reduced 
urethral resistance in patients with ISD and may, 
therefore, be an inaccurate measure of detrusor 
strength. 

In the setting of PPI due to ISD, a more appro- 
priate measure of detrusor strength is independent 
of flow and unrelated to urethral resistance and 
characterizing contractility as a single parameter. 
Contractility can be represented by a power 
factor—as a product of detrusor pressure and 
shortening velocity by the methods described by 
Griffiths'* or van Mastrigt.'° These calculations, 
however, require complex, computer-assisted 
analysis of pressure-flow studies. A simpler 
method of measuring detrusor power is to directly 
measure bladder muscle contraction pressure 
under isovolumetric conditions—and, therefore, 
independent of urinary flow. The best measure of 
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detrusor contraction strength, therefore, is the iso- 
metric detrusor contraction pressure (Piso). 

One reliable method for obtaining Piso measure- 
ment is the mechanical stop test.'° During voiding, 
an examiner gently occludes the penile urethra, 
thereby inhibiting urinary flow but not aborting 
the bladder contraction. The maximum detrusor 
pressure reached during this maneuver is the 
Piso (Fig. 1). This mechanical stop test is repro- 
ducible and does not inhibit detrusor contrac- 
tion.'®'” Piso measurements less than 50 cm 
H2O are considered diagnostic of detrusor 
underactivity. 1819 

The mechanical occlusion of the outlet is 
preferred to a volitional interruption of flow; as 
such, voluntary cessation may underestimate the 
maximum isometric pressure due to reflex detru- 
sor inhibition induced by the activation of voluntary 
striated sphincter activity. In addition, it may be 
difficult or impossible for a patient with detrusor 
overactivity to stop the urinary stream once it is 
initiated, especially after prostatectomy with 
concomitant weakness of the external sphincter 
mechanism. 

Elliott and Comiter'' retrospectively reviewed 
the urodynamics findings of 62 men evaluated for 
PPI and found that 40% had a Piso less than 
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Fig. 1. Urodynamics tracing showing Piso measurement using mechanical stop test: (heavy arrows) start of stop 
test when examiner occludes urethra, thereby stopping flow. Maximal isometric pressure (Piso) is 99 cm water. 
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50 cm H20. They also found that the use of com- 
mon surrogates for bladder contractility, such as 
the Bladder Contractility Index (BCI 5 Pdet 
Qmax 1 5 Qmax) less than 100, which has been 
validated in men with BPH but not in men devoid 
of a prostate, and the mere presence of Valsalva 
voiding were imprecise markers of detrusor under- 
activity in this population. Rather, the direct 
measure of bladder contractility independent of 
urethral sphincteric resistance was necessary to 
accurately measure true bladder contractility. 

Detrusor underactivity is a potentially important 
finding in men with PPI, because it may be a rela- 
tive contraindication to certain types of male sling 
surgery. Because the compressive male sling pro- 
vides fixed resistance and is designed to prevent 
leakage with straining, it seems logical that it 
would interfere with voiding dependent on or 
augmented by Valsalva. The placement of a poten- 
tially obstructive male sling in a patient with detru- 
sor underactivity, therefore, theoretically increases 
the risk for retention. There are few clinical studies, 
however, on the effects of the male sling in patients 
with impaired detrusor contractility or those who 
void by Valsalva. Han and colleagues'° performed 
retrospective review comparing 50 patients after 
sling placement (AdVance, InVance, and Virtue) 
with a mean BCI of 70 (range 33-97) with normal 
controls and found no differences in postvoid re- 
sidual (PVR), patient satisfaction, or Qmax. The in- 
vestigators concluded that their results may be a 
reflection of how bladder function is measured in 
this population. The authors believe that BCI and 
its derivatives, however, may not be accurate mea- 
sures of bladder strength in men with PPI, because 
Elliott and Comiter'' showed that the isovolumet- 
ric contraction pressure (Piso), which is indepen- 
dent of urethral resistance and, therefore, a pure 
measure of detrusor contractility, did not differ 
between men with low and normal BCI. 

Detrusor underactivity, however, should not 
adversely affect surgical success of AUS because 
the cuff is cycled to an open phase during voiding, 
with relief of urethral occlusion. In a prospective 
trial of 40 patient followed for a mean of 53 months, 
Trigo Rocha and colleagues*° concluded that the 
presence of preoperative impaired bladder con- 
tractility did not affect surgical outcome. Even 
pure Valsalva voiding does not adversely affect 
the outcome of AUS surgery.*' 

In the setting of detrusor underactivity, when an 
artificial sphincter is not desired, the retroluminal 
transobturator sling is a viable alternative. The ret- 
roluminal transobturator sling provides only mini- 
mal compression of the bulbar urethra. Rather, 
its mechanism of action relies on proximal urethral 
relocation. The sling is placed retrourethrally, 


under the proximal urethral bulb, and, on ten- 
sioning, facilitates a 2.5- to 3-cm proximal reloca- 
tion of the bulbar urethra. It is hypothesized 
that laxity of posterior support predisposes to 
misalignment of the proximal urethra, contributing 
to inefficacious coaptation of the urethral 
sphincter complex.?? This abnormal anatomy and 
proximal urethral prolapse that may occur after 
prostate extirpation may be remedied by a retrolu- 
minal sling that can realign the mobile urethral 
sphincter complex and restored the preprostatec- 
tomy configuration. Once the sling is appropriately 
tensioned, the urethral bulb is proximally relocated 
into the higher-pressure pelvic outlet by a distance 
of 2 to 3 cm, which can function as a backstop dur- 
ing straining.” In a large cohort of patients with at 
least 1-year follow-up, Rehder and colleagues** 
demonstrated no change in Pdet, PVR, or flow 
rate after surgery, supporting this nonobstructive 
mechanism of action. 

More prospective studies using appropriate 
measures of detrusor contractility independent of 
urethral resistance are needed to define the risk 
of urinary retention, obstructive voiding dysfunc- 
tion, and outcomes of the male sling and AUS in 
men with postprostatectomy SUI and detrusor un- 
deractivity. In the meantime, the AUS and the ret- 
roluminal sling are the preferred options for these 
patients based on the mechanism of action of 
the respective devices. 


Detrusor Overactivity 


The rate of detrusor overactivity in men with PPI 
has been in the range of 30% to 40%.”:*° It is 
considered the sole or main diagnosis in approxi- 
mately 10% of patients.’ In 25% of PPI patients 
with ISD, there is a secondary diagnosis of detru- 
sor overactivity. The rate of de novo detrusor 
overactivity postradical prostatectomy is only 
approximately 5%, with 33% of patients already 
having detrusor activity at baseline.2° In men 
who had presumably normal storage function prior 
to radical prostatectomy, the urodynamic finding 
of detrusor overactivity or diminished compliance 
is most likely due to poor accommodation associ- 
ated with supraphysiologic infusion of a bladder 
that has experienced a prolonged underfilled state 
secondary to continual urinary leakage. With long- 
term follow-up, the rate of detrusor activity is 
reduced from 38% at 8 months to approximately 
18% at 36 months. 

The finding of detrusor overactivity has impor- 
tant implications for treatment and counseling. 
If the sole or main diagnosis is detrusor overac- 
tivity then antimuscarinic medications and other 
treatments for overactive bladder (f3-agonist, 


botulinum toxin, posterior tibial nerve stimulation, 
and sacral neuromodulation) are the recommen- 
ded treatment options. If detrusor overactivity is 
found along with ISD, then it should be taken into 
consideration during patient counseling but is not 
an absolute contraindication to AUS or sling 
placement. 

Although the bone-anchored sling and older 
slings designs work by compressing the urethra, 
the retrourethral transobturator sling is designed 
to be nonocclusive. It does not seem to increase 
voiding pressure or increase the rate of urgency 
in patients with preoperative findings of detrusor 
overactivity.2*:*° Studies on the retrourethral 
transbturator sling, however, have relatively short 
follow-up (1-3 years). 

Preoperative detrusor overactivity does typically 
improve after AUS implantation and does not 
adversely affect resolution of SUI. Afraa and col- 
leagues?” retrospectively reviewed the charts of 
16 patients and found that the rate of detrusor 
overactivity decreased from 50% to 25% after 
AUS implantation. As discussed previously, men 
with high-volume SUI have bladders that are 
chronically underfilled because SUI prevents the 
accumulation of urine in the bladder. In the most 
severe cases, these patients may only passively 
leak and never volitionally void. As a result, me- 
dium and even slow-fill cystometry may demon- 
strate poor accommodation or compliance as 
well as detrusor overactivity. These findings typi- 
cally resolve over time after successful SUI surgery 
and bladder retraining. Despite the likelihood of 
improvement, persistent overactive bladder symp- 
toms remain common, and patients must be coun- 
seled accordingly.7° 


Impaired Compliance 


The International Continence Society defines 
bladder compliance as the relationship between 
change in bladder volume and change in detrusor 
pressure.°° It can be calculated by dividing the 
change in volume by the change in detrusor pres- 
sure during the same time period (C 5 AV/APdet). 
The recommended points for this calculation are 
the start of infusion to the end of filling and at cys- 
tometric capacity. Compliance greater than 
20 mL/cm is generally accepted as normal. 

De novo reduced bladder compliance has been 
detected in up to 32% of men after prostatectomy, 
with persistence in 28% after 36 months.”° A study 
examining urodynamic findings with PPI, however, 
found only a 5% rate of decreased compliance.® 
The presence of impaired bladder compliance is 
a contraindication to male sling placement due to 
concerns that the increased voiding pressures 
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may lead to upper tract compromise. The AUS 
has been reported to have a predictably high suc- 
cess even in the setting of diminished bladder 
compliance.*® Bladder compliance may even 
improve. In a comparison of pre- and post-AUS 
implantation urodynamic parameters, Afraa and 
colleagues?” revealed statistically significant 
improvement in bladder capacity from 271 + 117 
to 295.6 + 151 mL (P 5 .05) and bladder compli- 
ance from 7.6 + 3.95 to 12.5 + 10.3 mL/cm H2O 
(P 5 .03). Voiding pressures are not increased 
after implantation of the AUS because voiding 
occurs with the device in the open setting. 

In radiated patients, however, it is not safe to 
assume that impaired compliance necessarily re- 
solves after resumption of normal bladder filling 
and evacuation cycles. Rather, there may be a 
component of intrinsic bladder wall fibrosis sec- 
ondary to radiation-induced obliterative endari- 
tis.°° It is important, therefore, to continue to 
monitor upper tract anatomy to assess for the 
development of hydronephrosis, which has been 
reported after AUS placement, and to repeat 
urodynamics as necessary to assess filling and 
storage pressures.°' 


Low Abdominal Leak Point Pressure 


Although pad use, bother from leakage, and patient 
preference typically dictate the implementation of 
surgical treatment, the degree of sphincteric in- 
competence can also affect the type of treatment 
recommended for the management of the stress 
incontinence. The value of abdominal leak point 
pressure (ALPP) in management of PPI is debat- 
able. There is evidence that patients with higher 
ALPP, and, therefore, more preserved sphincteric 
function tend to respond better to periurethral bulk- 
ing agents than do patients with a lower ALPP. 
Sanchez-Ortiz and colleagues? found that an 
ALPP less than 60 cm predicts a higher failure 
rate with periurethral bulking agents compared 
with those with higher leak point pressures. Twiss 
and colleagues,** however, found no correlation 
between ALPP and pad weight. 


Bladder Outlet Obstruction 


Bladder outlet obstruction after radical prostatec- 
tomy is most commonly due to persistent bladder 
neck contracture or urethral stricture. These occur 
at a rate of 2.7% to 20%.°**° Clinically significant 
anastomotic and urethral strictures are typically 
diagnosed on cystoscopy. Findings of bladder 
outlet obstruction on urodynamics should be inter- 
preted with caution. Scarring and relative poor 
compliance that can develop in a urethra that 
has been operated on can result in the finding of 
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catheter-induced bladder outlet obstruction. This 
should be suspected if there is a large difference 
between the Qmax obtained with and without the 
7F urodynamics catheter in place. If an adequate 
free flow and low PVR can be confirmed, this 
finding of obstruction on urodynamics is not a 
contraindication to anti-incontinence surgery. 


ROLE OF FLUOROSCOPY 
(VIDEOURODYNAMICS) 


The use of simultaneous fluoroscopy at the time of 
multichannel urodynamic studies can be useful for 
determining the degree of proximal urethral and 
bladder neck mobility. Assessing these parame- 
ters is important because the mechanism of ac- 
tion of the retroluminal sling is thought to rely 
more on repositioning the prolapsed sphincteric 
urethra than on direct compression of the bulbar 
urethra. In instances of restricted mobility, a 
compressive sling or artificial sphincter may be 
more appropriate. 

The repositioning test has been advocated as a 
predictor of adequate residual sphincter function 
and predictor of retroluminal sling success.°° 
Rehder and colleagues** demonstrated that the 
ALPP increases on gently pushing the preanal mid- 
perineum in a cephalad direction (avoiding direct 
compression of the urethral bulb). On perineal eleva- 
tion, men with sufficient residual sphincter function 
(ie, mild ISD) demonstrate passive sphincter closure 
with cystoscopically visible contraction of the stri- 
ated sphincter-positive repositioning test.°” A posi- 
tive repositioning test preoperatively is predictive of 
a successful outcome with a retroluminal transobtu- 
rator sling.?® 38-38 

As an alternative to the repositioning test, fluoro- 
scopic assessment during straining can demon- 
strate the degree of bladder neck and proximal 
urethral mobility. Comiter and colleagues? re- 
ported on a cohort of men with PPI who underwent 
videourodynamic evaluation. Those men with PPI 
after surgery alone had significantly more proximal 
urethral descent with straining than men with PPI 
who had adjuvant radiation and those with urinary 
incontinence after radiotherapy alone. Only those 
men with adequate mobility were offered retrolu- 
minal sling surgery, whereas those with more 
pure ISD were treated with a compressive sling 
or AUS. 


WHEN MAY URODYNAMICS NOT BE 
NEEDED? 


There are some clinical scenarios when urody- 
namic studies may not be needed for PPI. One sit- 
uation is if AUS has already been selected as the 


treatment of PPI based on patient or surgeon pref- 
erence. AUS offers the best chance of “cure” and 
the most predictable outcomes. It has a 90% 
satisfaction rate regardless of the degree of incon- 
tinence. Furthermore, bladder dysfunction, like 
detrusor overactivity, detrusor underactivity, and 
poor bladder compliance, has been shown to 
have no impact on the outcome of AUS and may 
even improve after implantation.?”:2° 

In certain clinical situations, there is consensus 
that AUS represents the best treatment option 
for PPI. In such instances, urodynamics may not 
provide any information that would alter treatment 
recommendation or counseling. There is no ques- 
tion whose answer would alter treatment plan or 
prognosis. One exception to this recommendation 
is radiated patients, who may benefit from preop- 
erative urodynamics despite AUS being the treat- 
ment of choice. 

AUS is best treatment option for high-volume 
SUI (+450 g leakage/d) where patients with such 
severe incontinence preoperatively are at higher 
risk for postoperative incontinence after sling sur- 
gery. 04? In a prospectively evaluated cohort of 62 
patients with PPI treated by a bone-anchored 
sling, Fischer and colleagues“? found that leakage 
of greater than 450 g per day was associated with 
a substantially lower success rate—from greater 
than 70% in those with more mild leakage to less 
than 50% in those with greater than 450 g per 
day. The AUS is the treatment of choice for most 
men with high-volume SUI because its success 
rates are generally independent of the degree of 
leakage.**:“* The 1-year results of the initial clinical 
trial of the Virtue quadratic sling demonstrated that 
the degree of improvement in leakage with the 
quadratic sling, which combines proximal urethral 
relocation (similar to the retrourethral transobtu- 
rator sling) and perineal urethral compression 
(similar to bone-anchored slings) may not be 
adversely affected by the degree of urinary incon- 
tinence. Its efficacy does not seem to significantly 
differ among patients with mild (<100 g/d), moder- 
ate (100-400 g/d), or severe (>400 g/d) SUI.*° 
More experience with this promising device, how- 
ever, is necessary to fully evaluate its efficacy in 
men with high-volume SUI. 

AUS is also the treatment of choice for patients 
who have had previous implantation of an AUS or 
male sling. Tuvgan and colleagues*® demon- 
strated that cure/improved rate of the male sling 
was inferior to the AUS (25% vs 75%) in a cohort 
of men with recurrent PPI after previous AUS 
erosion. Because adequate tissue compliance is 
necessary for successful urethral compression 
and/or proximal repositioning with a sling, it is 
not surprising that radiation, previous AUS 


explantation, and prior male sling—all of which 
may result in poorly compliant and relatively 
noncompressible fibrotic urethra—are associated 
with diminished efficacy for the noncircumferential 
male slings. 

In men who have failed prior male sling surgery, 
placement of the AUS remains a straightforward 
procedure. With prior retrourethral transobturator 
sling or bone-anchored sling, a surgeon may elect 
to place the AUS cuff transcrotally, and the pre- 
vious sling neither renders the operation more diffi- 
cult nor decreases AUS efficacy.''*” The proximal 
sling device left in situ may then act as a pseudo- 
double cuff, and the potential morbidity of 
removing the sling unnecessarily is avoided. With 
the quadratic sling, which spans the bulbar urethra 
and perineal urethra, the sling must be excised 
prior to AUS placement. This, too, can be done 
in a straightforward fashion, because the sling is 
readily identified, dissected from the bulbospon- 
giosus, leaving a relatively unscarred urethra that 
can easily accommodate the AUS cuff.*® 

AUS is also the treatment of choice for patients 
with a history of radiation, but preoperative urody- 
namics remains useful in this population. A history 
of radiotherapy has been shown a risk factor for 
sling failure in multiple series because of the 
increased rates of bladder dysfunction.?4 4949 In 
a prospective series with 24 radiated patients fol- 
lowed for a median of 18 months after placement 
of a retrourethral transobturator sling, Bauer and 
colleagues°° found only a 25% cure rate and a 
25% improvement rate. This is compared with a 
success rate of almost 80% in patients without a 
history of prior AUS or sling surgery.°' Although 
preoperative urodyanmics may not be needed for 
deciding among surgical treatment options, it 
can still be useful for detecting bladder dysfunc- 
tion to allow early intervention and for counseling 
in this high-risk population. 


SUMMARY 


Urodynamics is indicated for the evaluation of PPI 
unless AUS placement has been predetermined, 
such as by patient/surgeon preference, severe in- 
continence, prior radiation, or previous male sling 
or AUS placement. It is important that urodynam- 
ics are only performed when there is a question 
that can be answered and that answer would 
affect treatment choice or outcome. Urodynamic 
findings of detrusor underactivity, overactivity, 
and reduced compliance are important consider- 
ations in deciding how best to treat patients with 
PPI. In the setting of detrusor hypocontractility, a 
nonobstructive device is indicated, with the retro- 
urethral transobturator sling recommended for 
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more mild incontinence and the AUS for more 
severe incontinence. The finding of detrusor over- 
activity or diminished compliance (in nonradiated 
patients) typically resolves after successful SUI 
surgery with either the AUS or sling as the normal 
cycle of adequate filling and emptying is re- 
established. In radiated patient where diminished 
compliance may be a result of radiation-induced 
detrusor fibrosis, storage pressures must be moni- 
tored with repeat urodynamic evaluation, and it is 
essential to periodically study upper tract anatomy 
to determine the presence or absence of hydro- 
nephrosis. Although the severity of incontinence 
is more appropriately gauged as a function of 
pad weight rather than leak point pressure, ALPP 
may be a useful measure of sphincteric compe- 
tence when considering injection of periurethral 
bulking agents. Finally, the use of simultaneous 
fluoroscopy (videourodynamics) can help assess 
for bladder neck and urethral mobility during 
straining or during the urethral repositioning test, 
which is necessary for the preoperative evaluation 
prior to sling surgery, in order to help decide be- 
tween a retrourethral and a more compressive 
sling. 
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KEY POINTS 


e Lower urinary tract symptoms do not always correlate with urodynamic diagnoses. 
e In mixed urinary incontinence, urodynamics changes the diagnosis more often than in stress or 


urgency urinary incontinence. 


e Storage and voiding lower urinary tract symptoms often coexist. 
e Voiding abnormalities on pressure-flow studies can be responsible for significant storage 


symptoms. 


e There are no urodynamic standards for obstruction in women. 


INTRODUCTION 


Much of the published work about urodynamics 
provides the best practice guidelines and stan- 
dards of technique.''* How to appropriately apply 
urodynamics (when and for what purpose) remains 
guided mostly by expert opinion. Recent random- 
ized controlled trials seek to guide its use in a well- 
defined population: women with complaints of 
stress urinary incontinence (SUI) who demonstrate 
SUI on physical examination. These important 
studies should be familiar to all clinicians who 
perform urodynamics or treat SUI. Despite a 
greater understanding of when urodynamic testing 
may be safely omitted in the evaluation of SUI, 
there remain many clinical scenarios in the treat- 
ment of women presenting with lower urinary tract 
symptoms (LUTS) in which the decision to use ur- 
odynamic testing still relies on the clinician’s 
judgment. 
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Arguments for urodynamics describe it as the 
best method to diagnose the underlying patho- 
physiology underlying LUTS. The objective data 
often direct therapy and help reduce unnecessary 
surgery or reduce the time and cost spent on 
unindicated treatments. Arguments against urody- 
namics are that the test is invasive, costly, and 
associated with some morbidity. A quality study 
also requires a well-trained clinician. However, ur- 
odynamics remains the most reliable method to 
confirm a presumptive diagnosis of lower urinary 
tract dysfunction. 

In 2012, the American Urological Association 
(AUA) in conjunction with the Society of Urody- 
namics and Female Urogenital Reconstruction 
(SUFU) published guidelines to assist the clinician 
in the appropriate selection of urodynamic tests 
after an appropriate clinical assessment of the pa- 
tient presenting with LUTS.° The discussion points 
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to the limitations of literature analysis due to the 
scarcity of level 1 evidence on the topic. Nineteen 
guideline statements are provided relating to SUI 
and pelvic organ prolapse, overactive bladder 
(OAB), urgency urinary incontinence, mixed uri- 
nary incontinence (MUI), neurogenic bladder, and 
LUTS. 

Recent randomized controlled trials include 
Value of Urodynamic Evaluation (VALUE) and 
Value of Urodynamics Before Stress Urinary In- 
continence Surgery (VUSIS2). The results clarify 
the use of preoperative urodynamics in a well- 
defined population of women with clinical pure 
SUI; however, this information is not generalizable 
to other groups of women with incontinence.*° 
High-level evidence to guide the use of urodynam- 
ics in voiding LUTS or MUI and OAB is limited. 
Because randomized controlled trials concern 
specific populations, the findings may be at odds 
with the priorities of the clinician who is account- 
able for the outcome and satisfaction of the 
individual patient. The decision to perform urody- 
namics is often based on a desire to assess risk 
for postoperative complications to better counsel 
patients on an individualized basis. Although the 
urodynamics information may not mitigate compli- 
cations, it may help manage expectations and 
improve patient satisfaction even if complete 
cure is not achieved. When treating quality of life 
conditions for which surgical intervention is elec- 
tive, patient expectations can be high. If conserva- 
tive therapy alone is planned, urodynamics can be 
avoided. If surgical intervention is contemplated, 
urodynamics may offer valuable counseling 
information. 

An objective diagnosis used to counsel before 
therapy often has value to the patient. Intuitively, 
the collection of objective data to establish the 
correct diagnosis is the first step to effective ther- 
apy. One study demonstrated that, when given a 
choice to have a diagnosis confirmed by urody- 
namics before proceeding with treatment of uri- 
nary incontinence, most women will chose to 
proceed with urodynamics. In this patient prefer- 
ence study, patients with LUTS were offered treat- 
ment based on their preference for conservative 
therapy based on symptoms or treatment pre- 
ceded by urodynamics.° Women without a prefer- 
ence were randomized to the two options. The 
investigators found that in this group of 309 
women (median age 46 years), 49.4% preferred 
urodynamics, whereas 18.4% chose conservative 
therapy alone. Urodynamics did not confer any 
advantage in treatment response over treatment 
based on symptoms alone but there was a higher 
rate of follow-up in those who chose urodynamics. 
This was also true in the randomized groups. The 


greater rate of follow-up suggests that urodynam- 
ics may improve patient compliance with therapy. 
Corroborating studies are still needed. 


INVESTIGATING LUTS IN WOMEN 


LUTS are highly prevalent in men and women; 
rates are affected by age and ethnic or racial 
group.’ Women present with a variety of urinary 
complaints relating to both bladder storage 
(urinary incontinence, urgency, frequency, and 
nocturia) and emptying (urinary retention or incom- 
plete emptying, hesitancy, straining, slow stream, 
intermittency, and terminal dribbling). In some 
cases, the presenting complaint, such as recurrent 
urinary tract infection, may not describe LUTS. 
However, further discussion of bladder symptoms 
when taking history may hint that a functional dis- 
order could underlie the presenting complaint. The 
clinician must use the patient’s complaint, medical 
history, findings on physical examination, and uri- 
nalysis to develop the clinical diagnosis. 

Despite best efforts at obtaining a thorough and 
accurate history, LUTS do not always correlate 
with urodynamic diagnoses.®° Digesu and col- 
leagues'° published a systematic review of 23 
Clinical trials relating to 6282 women with inconti- 
nence. Results showed that urodynamics 
confirmed the clinical diagnosis of SUI in 75% of 
the cases. Clinical SUI was reclassified infre- 
quently as MUI in 9% and as detrusor overactivity 
(DO) in 7% of the cases. As shown in other studies 
investigating the use of urodynamics in SUI, there 
were a small (8%) percentage of women with clin- 
ical SUI who had normal urodynamics. This review 
confirmed the opinion that the clinical diagnosis 
of SUI is usually made correctly without 
urodynamics. 

Greater rates of change were found in women 
with clinical MUI, of which 46% were reclassified 
as SUI and 21% as DO. Based on urodynamics, 
rates of diagnostic change were greatest in 
women with clinical MUI. A full two-thirds of these 
women had the diagnosis changed by urodynam- 
ics. Most were found to have pure urodynamic 
SUI. These results point out that urodynamic find- 
ings in MUI are varied, as are the patients’ com- 
plaints. When there is disagreement between the 
urodynamic findings and the patient’s symptoms, 
urodynamics findings are not necessarily any 
more valid than the patient’s symptoms. Failure 
to demonstrate DO or SUI on urodynamics does 
not wholly exclude either as a source of the pa- 
tient’s symptoms. 

A physician must expertly listen and observe 
during the history and physical examination to 
recognize symptoms, physical findings, and 
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patterns that point to a high likelihood of a func- 
tional urinary disorder. Although there is a role for 
empiric treatment of many LUTS, when there is a 
very high clinical suspicion for a functional disor- 
der that may be best treated surgically, diagnostic 
urodynamic testing may be the prudent next step. 
Urodynamics is also relied on when empiric treat- 
ments fail to provide the expected satisfactory re- 
sults and the clinician wishes to confirm the clinical 
diagnosis. 


URODYNAMIC TESTS USED TO INVESTIGATE 
LUTS 


Uroflow is a noninvasive screening test for patients 
with LUTS. It may be used when any voiding ab- 
normality is suspected. A normal flow curve is a 
smooth arc-shaped curve. The kinetics of the de- 
trusor contraction accounts for the uroflow pattern 
observed.':? Abnormal flow curves may suggest 
obstruction or a weak detrusor but they cannot di- 
agnose the true pathophysiology. The uroflow may 
be altered by a low voided volume or if the patient 
feels inhibited during voiding; therefore, the clini- 
cian should repeat the uroflow in these situations. 

Filling cystometrography (CMG), the urody- 
namic investigation of the pressure-volume rela- 
tionship of the bladder during filling, provides 
assessment of bladder sensation, the presence 
of DO, bladder compliance, and bladder capac- 
ity. Urethral function studies may also be under- 
taken during filling CMG. In clinical practice, the 
presence of altered compliance, DO, or other uro- 
dynamic abnormalities detected during CMG may 
alter the treatment decision, particularly when 
invasive surgery is planned. Women in whom there 
is a high index of suspicion for these urodynamic 
findings should have a CMG performed, including 
those with urinary urgency incontinence (UUI), 
retention, neurogenic disease (known or occult), 
pelvic radiation, or radical pelvic surgery. 

A pressure-flow study (PFS) examines the rela- 
tionship of bladder pressure and urine flow rate 
during the voiding phase.':? A PFS is useful to 
diagnose bladder outlet obstruction (BOO)or 
impaired detrusor contractility in a patient com- 
plaining of voiding symptoms and urgency 
incontinence. 

An electromyogram (EMG) is a test of perineal 
muscle function and measurement of the striated 
sphincteric muscles of the perineum.’ In normal 
voiding, relaxation of the pelvic muscles occurs 
before the detrusor contraction. Therefore, in- 
creases in EMG activity during the voiding phase 
suggest dysfunctional voiding or detrusor 
sphincter dyssynergia. EMG is a useful adjunct 
to PFS to help diagnose voiding dysfunction. 


Videourodynamics refers to the simultaneous 
fluoroscopic imaging of the lower urinary tract dur- 
ing multichannel urodynamics for the purpose of 
obtaining anatomic data. It may be particularly 
useful to diagnose a pop-off mechanism of vesi- 
coureteral reflux in the patient with low compliance 
of the bladder or to determine the level of obstruc- 
tion in BOO. For the diagnosis of primary bladder 
neck obstruction, confirmation is made exclusively 
by fluoroscopy. 

Although urodynamic tests are described as 
separate entities, a thorough urodynamic investi- 
gation of a patient with LUTS includes both CMG 
and PFS. Because clinical symptoms do not pre- 
dict urodynamic findings, it cannot be relied on 
that a patient with storage symptoms needs only 
CMG and a patient with voiding symptoms needs 
only PFS. The importance of attention to the void- 
ing phase in women is highlighted by a study of 
women with LUTS in which urodynamic results of 
CMG were compared with results of CMG and 
PFS.'' The investigators found that PFS added 
relevant information in 33% of women. Seventy 
percent of the women with PFS findings had 
normal a CMG. An interesting and thought- 
provoking finding is that five women initially 
classified as dysfunctional voiders were later re- 
classified as having detrusor-external sphincter 
dyssynergia (DESD) after a neurologic evaluation. 
All five had also shown DO on CMG. The investiga- 
tors caution that increased sphincter activity dur- 
ing voiding and DO, especially if associated with 
DO incontinence in a woman younger than 40 
years, should prompt consideration of a neuro- 
logic referral. This study emphasizes that storage 
and voiding symptoms are related, and that void- 
ing abnormalities may result in storage abnormal- 
ities, such as low compliance, DO, change in 
sensation, and change in capacity. 


URODYNAMIC TESTING IN FEMALE LUTS 


Multichannel urodynamics is the gold standard 
study for the evaluation of complex LUTS and 
identification of functional urinary abnormalities. 
Urodynamic testing is not a screening tool for 
LUTS. It is a diagnostic tool meant to be applied 
with precision to patients who have already been 
identified as having LUTS. Specifically, urodynam- 
ics is used to answer a particular question or series 
of questions regarding the patient’s symptoms. 
The validity of the test to answer these questions 
is predicated on the ability to reproduce the clinical 
symptoms during the test. The results should 
confirm a diagnosis when there is clinical doubt 
or when therapy may be altered by the findings. 
If conservative therapy alone is planned, 
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urodynamics may be avoided because there is lit- 
tle risk to the patient from conservative, nonsur- 
gical therapies. Urodynamics may be more 
helpful before surgical intervention. 

Like other diagnostic tests, urodynamics is not 
infallible nor is it therapeutic or capable of gener- 
ating a therapeutic decision. Its quality is affected 
by operator expertise at set up, performance, and 
interpretation. It is also subject to patient factors, 
such as the ability to relax and perform to the de- 
gree that what she experiences at home can be 
demonstrated during the study. Assuming ideal 
operator and patient factors, urodynamics can 
provide the clinician with data that may change 
the diagnosis and choice of therapy. It is a 
commonly held belief that the objective data ob- 
tained by urodynamics is superior to clinical im- 
pressions and are more important, particularly 
when the previous clinical diagnosis changes. 
However, it is not clear that all urodynamic findings 
are relevant, particularly in the case of DO. 

Diagnostic testing does not always predict 
response to therapy and urodynamics is no 
different. This is often held up as the rationale for 
more limited use of urodynamics; however, 
caution should be used when interpreting this as 
a repudiation of its use. As pointed out by a com- 
mittee of experts, “UDS [urodynamic] results are 
often compared to diagnosis based on clinical 
symptoms but there is no ‘gold standard’ to 
compare to; therefore, estimates of sensitivity, 
specificity, positive and negative predictive value 
of UDS are misleading.”'* Quality and value, as 
they relate to urodynamic testing, have not been 
clearly defined nor is there a consensus of thought. 
Stakeholders (physicians, patients, and third-party 
payers) probably would not have identical defini- 
tions in any case. 


STORAGE LUTS: SUI 


The application of urodynamics has changed more 
in SUI than any other category of female LUTS. Re- 
sults of randomized controlled trials published by 
the Urinary Incontinence Treatment Network 
(UITN) support the recommendation that urody- 
namics is not necessary in the preoperative evalu- 
ation of pure SUI.^13-15 When SUI is described 
clearly by the patient, urine leak is seen with cough 
or Valsalva on examination (supine or standing) 
and there is no sign or symptom of urinary reten- 
tion, SUI is diagnosed without the need for confir- 
matory urodynamics. Urodynamics in this situation 
is thought to only increase cost and delay 
treatment. 

Whether the same recommendation can be 
made for the patient with persistent or recurrent 


SUI is not known. Although not specifically ad- 
dressed in these trials, by similar reasoning, the 
patient who reports persistent SUI after inconti- 
nence surgery and demonstrates leakage on ex- 
amination may not need urodynamics before 
undergoing a secondary incontinence procedure, 
particularly if the treating physician is confident in 
the clinical diagnosis. However, recurrent SUI in 
which the patient had a previously successful in- 
continence procedure but later becomes inconti- 
nent may warrant urodynamics before deciding 
on any future invasive therapy. 

Measuring urethral competence tests of 
abdominal leak point pressure (ALPP) and 
maximal urethral closure pressure (MUCP) fell 
out of widespread use with the advent of midure- 
thral polypropylene slings and changes in con- 
cepts of intrinsic sphincter deficiency (ISD). 
Contemporary concepts of ISD recognize it as a 
spectrum rather than absolute. Because not all 
women with urethral hypermobility leak, those 
women who do must have some degree of ISD. 
Data from the Stress Incontinence Surgical Treat- 
ment Efficacy Trial (SISTEr) found that ALPP did 
not predict surgical outcome, but the Trial of Mid 
Urethral Slings (TOMUS) results found a higher 
rate of SUI postoperatively at one year. Women 
with ALPP or MUCP were in the lowest quar- 
tile.1®1° Although clinicians may still use the sign 
of leakage with cough or Valsalva to confirm SUI 
on urodynamics, the absolute pressure required 
to cause the leak rarely plays a role in the choice 
of surgery nor does it predict response. Even 
with urethral bulking agents for SUI, outcomes 
data support its use in women with urethral hyper- 
mobility as well as in the ISD patient.” Despite 
changes in the understanding of SUI within clinical 
practice, documentation of an ALPP less than or 
equal to 100 cm water is still routinely required in 
order for the Center for Medicare Services to 
approve a bulking agent for SUI. Therefore, if a 
Medicare patient with SUI desires a bulking agent 
as treatment, she will require urodynamics first. 

It is well documented that urodynamics fails to 
diagnose urodynamic incontinence in a small per- 
centage of women with SUI symptoms. Almost 
12% of women in SISTEr and TOMUS had 
absence of urodynamic SUI (USUI) despite clinical 
symptoms and a positive standardized empty 
bladder stress test. In TOMUS, prolapse reduc- 
tion testing was not performed, which certainly 
affected the rate of USUI detection. 

In a secondary analysis of these studies, high- 
grade pelvic organ prolapse (stage 3-4) was 
strongly associated with the absence of USUI. 
The investigators noted that the urodynamic 
bladder capacity (maximum cystometric capacity) 
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in these women was lower, which may reflect that 
they did not reach the volume at which they leak in 
their own environment.'® Given the supraphysio- 
logic filling and room-temperature fluid for urody- 
namics, some women do not accommodate as 
large a bladder volume as they do naturally, thus 
they fail to demonstrate leakage. Management of 
women with clinical SUI but no USUI is problem- 
atic. These patients were at higher risk for post- 
operative urgency urinary incontinence in a 
secondary analysis of the VALUE trial.'° 

When clinical SUI exists with pelvic organ pro- 
lapse, demonstrable with or without prolapse 
reduction, urodynamics is not needed to confirm 
or guide the treatment of incontinence. The deci- 
sion to treat is based on the patient’s reported 
bother from incontinence. More controversial is 
the use of urodynamics to diagnose occult SUI in 
women who have no symptoms of SUI. Methods 
of prolapse reduction are not standardized and re- 
sults can be affected by the method used. 
Currently, clinicians must be guided by their own 
level of comfort in the possibility of de novo SUI 
versus a potential complication from a sling that 
may not have been necessary. 


STORAGE LUTS: MUI AND OAB 


MUI is a very common condition affecting 45% of 
adults identified as having OAB and incontinence 
in the NOBLE (National Overactive Bladder Evalu- 
ation) study.*° The cause of MUI is unknown and a 
common pathophysiologic link may exist between 
UUI and SUI.2' Despite it being very prevalent, not 
all MUI is the same, and definitions vary. MUI can 
refer to equal stress and urge symptoms, stress 
predominant symptoms, urge predominant symp- 
toms, USUI with DO, and USUI with clinical urge 
symptoms but no DO. With all the variety of defini- 
tions of MUI, interpreting the data from various 
studies is difficult. Although MUI includes all of 
these combinations, there is no well-recognized 
standard for reporting the condition of MUI. Even 
among the experienced centers within the UITN, 
diagnoses of OAB were decreased after urody- 
namics, presumably due to failure to demonstrate 
DO.'° The presence of urgency symptoms along 
with SUI has long been a confounding factor in 
the decision to proceed with incontinence surgery. 
MUI symptoms are regarded as more complex 
than pure SUI, and DO is often considered a risk 
for poorer surgical outcome. Women with MUI 
show greater levels of bother and higher levels 
of incontinence than those with pure SUI or 
UUI.22:2° Given the mixed urodynamic findings 
and negatives associated with MUI, urodynamics 
is traditionally advocated in patients with MUI, 


particularly when the patient is not aware of which 
symptom (stress or urge) is predominant. 

In a large study that sought to define the urody- 
namic diagnoses of women with MUI, 49% of 3338 
women reported MUI symptoms and were studied 
urodynamically.'° Women with stress predomi- 
nant MUI demonsirated USUI in 82% of urody- 
namics. Detrusor overactivity was diagnosed in 
64% of women with urge predominant symptoms. 
In women with equal stress and urge symptoms, 
46% had DO and 54% had USUI on urodynamics. 
Nineteen percent showed both USUI and DO. 

Although urodynamics in MUI may reveal infor- 
mation that would reduce unnecessary surgery 
and complications, it may fail to identify DO in up 
to 40% of women with MUI or OAB symptoms.?2:24 
Furthermore, the absence of DO on urodynamics 
does not exclude it as the cause of symptoms. 
Traditionally, patients with DO are offered treat- 
ments for OAB before proceeding with surgery 
for SUI. Whether the diagnosis of DO portends a 
negative impact on SUI surgery is debatable. 

Various studies have reported conflicting results 
regarding the effect of DO on surgical outcome. 
Several smaller studies have shown urge symp- 
toms resolve in a sizable percent of patients with 
MUI after pubovaginal sling.2°7° Nevertheless, 
when urge symptoms persist or worsen after incon- 
tinence surgery, patient satisfaction is greatly 
reduced. The holy grail of MUI remains identifica- 
tion of the clinical or urodynamic parameter that 
can consistently predict either resolution or persis- 
tence of urgency after surgery. Some investigators 
have noted that high amplitude DO (>15-25 cm 
water) portends poorer surgical results with persis- 
tent urgency.””:7° In SISTEr, preoperative and post- 
operative rates of DO did not predict the likelihood 
of successful SUI outcome or the risk of postoper- 
ative voiding dysfunction.2° However, preoperative 
and postoperative urgency incontinence symp- 
toms (MESA [medical epidemiological and social 
aspects of aging] urge index score) were some of 
the factors negatively associated with long-term 
continence rates in extended follow-up of SISTEr.°° 

The AUA-SUFU Guideline Diagnosis and Treat- 
ment of OAB (Nonneurogenic) in Adults states as 
a clinical principle that urodynamics should not 
be used in the initial workup of the uncomplicated 
patient.°' In other words, urodynamics should not 
be a routine investigation for patients who present 
with OAB symptoms. In patients with either OAB 
that fails to respond to conservative measures 
and pharmacotherapy, urodynamics may confirm 
the clinical diagnosis and exclude an unrecog- 
nized finding such as impaired bladder compli- 
ance or a voiding abnormality. In the absence of 
an unexpected urodynamics finding, DO may or 
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may not be found on urodynamics in patients with 
OAB. However, its presence is not necessary to 
define the condition nor to proceed with a variety 
of treatments. Giarenis and colleagues*? exam- 
ined differences in women with OAB according 
to whether urodynamics demonstrated DO. DO 
was detected in 43% of women. Baseline charac- 
teristics of age, body mass index, and hormonal 
status were no different between the groups. 
Women with DO showed a significantly smaller 
cystometric capacity and lower bladder compli- 
ance than the non-DO group. There was no differ- 
ence in the rates of SUI diagnosed in each group; 
however, 62 subjects with DO could not be as- 
sessed for SUI due to the severity and persistence 
of their uninhibited detrusor contractions. Quality 
of life in the groups was assessed and validated, 
and the presence of DO had a statistically signifi- 
cant negative effect on scores.?? With such diver- 
sity of symptoms and urodynamic findings, MUI 
and refractory OAB remain entities for which uro- 
dynamics remains an important diagnostic tool. 


VOIDING LUTS: SUSPECTED OBSTRUCTION 


Voiding symptoms are less common in women than 
storage symptoms but may occur in conjunction 
with storage symptoms or alone in an important 
segment of women presenting for urologic care. 
The prevalence of voiding symptoms in women is 
informed by a large cross-sectional prevalence 
study of urinary symptoms in men and women in 
the United States, United Kingdom, and Sweden. 
Within the study population, 5.2% of women older 
than age 40 years had voiding symptoms, and 
14.9% reported both storage and voiding symp- 
toms.°* The EPIC study, a population-based study 
of bladder symptoms in over 19,000 subjects in 
Canada and Europe found that two-thirds of 
women complained of LUTS with 51.3% complain- 
ing of storage symptoms and 19.5% complaining 
of voiding symptoms.*° In both studies, voiding 
symptoms presented in conjunction with storage 
symptoms more often than alone. 

Women with voiding complaints may complain 
of straining to void, having to stand to void, inter- 
mittency of voiding, constant suprapubic pres- 
sure, or irritative symptoms, including urgency, 
frequency, and incontinence. Some women with 
urinary frequency and urgency may report that 
they are not sure that they completely empty; how- 
ever, this may be due to their urge recurring shortly 
after their void or the failure to lose the urge after a 
void. Therefore, OAB symptoms may give the false 
sensation of failure to empty. The converse may 
also occur. Failure to empty may lead to bother- 
some frequency, urgency, and incontinence. 


Many studies evaluating obstruction after incon- 
tinence surgery demonstrate that irritative symp- 
toms may be the primary symptom related to 
obstruction.°**:*° Given the variety of presenting 
complaints, the evaluating physician must take a 
careful history and have a high index of suspicion 
for obstruction when the differential diagnosis 
warrants. 

True emptying abnormalities may occur in 
women due to obstruction from previous inconti- 
nence surgery, other pelvic surgery, high-grade 
pelvic organ prolapse, or, more rarely, urethral 
disease, such as stricture, neoplasm, diverticulum, 
or cyst (Table 1). These conditions produce 
anatomic obstruction. Antecedent pelvic surgery 
for prolapse or incontinence may be all that is 
needed to determine that a patient is obstructed, 
particularly if the clinician has knowledge of preop- 
erative urinary symptoms and voiding parameters. 
In this situation, the strong temporal relationship of 
the surgery to the onset of voiding symptoms is 
implication of the surgery. Urodynamic studies in 
this case may or may not show characteristic 
high-pressure and low-flow voiding. Therefore, it 
may not change the surgeon’s decision to release 
the sling. Cystoscopy may be helpful in deter- 
mining if urethral disease is present or, if a urethral 
abnormality is noted on physical examination, 
other testing such as voiding cystourethrogram 
(VCUG) or urethral MRI may be used. 

Obstruction may also be due to functional 
causes such as dysfunctional voiding, detrusor 
sphincter dyssynergia, or primary bladder neck 
obstruction. Functional obstruction is not associ- 
ated with visible anatomic changes in the lower 
urinary tract and cannot be diagnosed without a 
functional study such as urodynamics. 


URODYNAMIC TESTING IN SUSPECTED 
OBSTRUCTION 


The role of urodynamics in obstruction after incon- 
tinence surgery is debatable. The woman who is in 
persistent retention after a sling without any other 
cause for her retention can easily be diagnosed 
with an obstructing sling. Therefore, urodynamics 


Table 1 
Causes of female voiding LUTS: obstruction 


Bladder Outlet Obstruction 


Functional 


Dysfunctional voiding or DESD 
Primary bladder neck obstruction 


Urethral disease 
Previous incontinence surgery 
High-grade pelvic organ prolapse 


Anatomic 
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before sling lysis in this patient is not necessary. 
When the patient who is not in frank urinary reten- 
tion presents with voiding complaints several 
years after an incontinence surgery, it is difficult 
for the clinician to know whether the surgery is ob- 
structing or whether those symptoms are related 
to another cause. 

The Urodynamic Guidelines state that clinicians 
may perform a postvoid residual urine volume 
(PVR) in patients with LUTS as a safety measure 
to rule out significant urinary retention both initially 
and during follow-up (clinical principle).* PVR is a 
simple test that may be useful in women with void- 
ing LUTS. It is a measurement that may be ob- 
tained noninvasively with a bladder scan or by 
simple catheterization when a bladder scanner is 
unavailable. A PVR of greater than 100 mL is re- 
garded as abnormal but the value reveals nothing 
about the cause. Another limitation is that voiding 
symptoms have not been shown to be predictive 
of an elevated PVR. In a study of 686 women, void- 
ing symptoms had a low sensitivity and specificity 
for elevated PVR.°° When using PVR as a 
screening tool for LUTS, a single reading may be 
insufficient to deem the PVR abnormal. A second 
corroborating measurement of PVR is prudent; or 
more than two to establish a trend in PVR mea- 
surements. Some asymptomatic patients may 
have PVR greater than 100 mL, so this parameter 
in isolation may be inconsequential. Additionally, 
a normal PVR should not exclude a patient with 
bothersome voiding LUTS from further investiga- 
tion or treatment. 

An uninstrumented uroflow is also a useful 
screening tool in the evaluation of a woman with 
voiding symptoms and the possibility of obstruc- 
tion. It is a noninvasive measure that reports flow 
velocity, flow pattern, and voiding time. Abnormal- 
ities from normal values can point to possible void- 
ing dysfunction, yet it is not specific for cause. 
Whether the cause is due to the bladder outlet or 
to the detrusor cannot be determined from an 
uninstrumented uroflow. Its greatest use is as a 
comparison to the flow achieved on a PFS. If the 
uninstrumented flow is a normal bell-shaped 
curve, abnormalities on the PFS must be inter- 
preted with caution. Abnormalities on the PFS 
can be related to the intraurethral catheter and 
some studies have demonstrated that increased 
outlet resistance can reduce the flow rate and 
lead to overdiagnosis of bladder outlet 
obstruction.?” 98 

When the clinical question posed is whether or 
not the woman with voiding LUTS is obstructed, 
the PFS is the urodynamic test that can answer 
the question and make a definitive diagnosis. 
The PFS has the ability to distinguish bladder 


outlet obstruction (BOO) from impaired detrusor 
contractility. The filling cystometry phase of full 
urodynamics may also be relevant. Detrusor over- 
activity is often associated with obstruction; how- 
ever, other cystometric findings of compliance and 
capacity may also help understand the patient’s 
symptoms; particularly because the storage and 
voiding symptoms often coexist. When the clini- 
cian has a high index of suspicion for BOO, urody- 
namics should be performed. 

In other conditions, such as SUI and OAB, uro- 
dynamics is not recommended before conserva- 
tive therapy. In the case of voiding symptoms, 
obstruction and detrusor underactivity are 
distinctly different in cause and management. 
Delay in distinguishing obstruction that could 
potentially be corrected surgically could lead to 
unnecessary bother for patients. In the treatment 
of suspected BOO, conservative treatment may 
simply be management by clean intermittent cath- 
eterization. This can be undertaken without urody- 
namics; however, it is invasive and unpopular in 
most neurologically intact patients. Because no 
satisfactory pharmacotherapy exists and physical 
therapy is only useful for functional causes, sur- 
gery may be the only option for correction. Given 
the paucity of conservative options for BOO, a 
convincing argument can be made for urodynam- 
ics early in the evaluation of women with sus- 
pected BOO. 

Performance and interpretation of urodynamics 
for female voiding symptoms is hampered by a 
lack of information on normative values for voiding 
in women and a lack of standardized urodynamic 
criteria to define obstruction in women. There is 
more variability in voiding in women than in men. 
Some women generate a detrusor contraction to 
void, whereas others may just relax the pelvic 
floor. Many women void normally with a low detru- 
sor pressure, whereas some augment voiding or 
void exclusively with abdominal straining. Urody- 
namic standards for obstruction in men and the 
nomograms based on these standards cannot be 
applied to women. 

Several studies have sought to establish urody- 
namic parameters to define obstruction in women. 
Definitions are usually based on detrusor pressure 
and flow rate.°°-** Broad application of these def- 
initions has been limited. Nitti and colleagues’? 
defined BOO on videourodynamics by the fluoro- 
scopic images of the bladder outlet during voiding. 
These investigators rightfully point out that “if 
normal voiding occurs at a low detrusor pressure, 
then bladder response to obstruction by the gen- 
eration of higher voiding pressures may be difficult 
to perceive.”“° The addition of simultaneous fluo- 
roscopic imaging of the bladder outlet during 
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Fig. 1. The fluoroscopic appearance of “spinning top urethra”. The image (A) is an anterior posterior view and 
the image (B) shows an oblique view. The appearance is similar in cases of dysfunctional voiding and DESD. In 
both cases the bladder neck and proximal urethra appear dilated to the level of the external sphincter. 


voiding aids the diagnosis and helps localize the 
site of obstruction. Their definition of BOO is radio- 
graphic evidence of obstruction between the 
bladder neck and distal urethra in the presence 
of a sustained detrusor contraction without appli- 
cation of strict pressure-flow criteria. In the 331 
women studied, PFSs were not sufficient to diag- 
nose BOO in all women. Although a helpful adjunct 
for the diagnosis of BOO, fluoroscopy in the urody- 
namics suite is not universally available. 

Akikwala and colleagues** published an inter- 
esting study of 154 women with clinical obstruc- 
tion who underwent urodynamics and compared 
rates of BOO based on five different definitions: 
three PFS cutoff criteria, videoourodynamic 
criteria, and the Blaivas-Groutz nomogram.** The 
greatest concordance was found between the 
fluoroscopic criterion and pressure-flow cutpoints; 
whereas the Blaivas-Groutz nomogram overesti- 
mated obstruction compared with other criteria. 
There are no absolute urodynamics values that 
can be used to reliably diagnose BOO in women, 
so the evaluation must be individualized. Urody- 
namic findings consistent with obstruction are 
supported when a combination of history, phys- 
ical, PVR, and uroflow are also highly suggestive 
of a voiding abnormality. 


FUNCTIONAL URINARY OBSTRUCTION 


BOO related to functional causes, such as 
dysfunctional voiding, primary bladder neck 
obstruction (PBNO), and DESD, may also be diag- 
nosed by urodynamics. Both dysfunctional voiding 
and DESD describe involuntary contraction of the 
external urinary sphincter during voiding, but 
DESD occurs in a patient with a suprasacral spinal 
cord lesion. Dysfunctional voiding is demonstrated 
on EMG by increased activity on the voiding 


phase. Unfortunately, EMG is easily influenced 
by artifact, which can affect interpretation. It is 
important for the clinician to correlate the EMG 
findings to the patient’s symptoms. Increased 
EMG activity during voiding in a patient without 
voiding complaints may be due to discomfort void- 
ing with the catheter in place or inhibition related to 
voiding in an artificial setting and in front of the 
examiner. Performance of additional fill and 
emptying phases may help corroborate findings 
or help clarify what is artifact. On a practical 
note, simply asking the patient whether the void 
was similar to her voids at home is also helpful to 
determine whether the increased EMG activity is 
authentic or artifact. 


Fig. 2. PBNO appears as a closed or very narrow 
bladder neck. It is often described as a bird-beak 
bladder for this reason. 
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The fluoroscopic appearance of dysfunctional 
voiding is similar to DESD. In both cases, the 
bladder neck and proximal urethra appear dilated 
to the level of the external sphincter. This fluoro- 
scopic appearance is referred to as a spinning 
top (Fig. 1). In contrast, PBNO appears as a closed 
or very narrow bladder neck. It is often described 
as a bird-beak bladder for this reason (Fig. 2). Ur- 
odynamics without concomitant fluoroscopy 
cannot definitively diagnose the level of obstruc- 
tion. Although not ideal, when videourodynamics 
is not available, cystoscopy can be used to rule 
out an anatomic obstruction and a VCUG can be 
obtained if the cystoscopy is negative. 


SUMMARY 


Urodynamics should be used selectively in women 
with LUTS to answer specific functional questions. 
Diagnostic and management dilemmas are often 
encountered in the treatment of women with 
LUTS. The use of urodynamics has been clarified 
in one specific population, that of women with 
pure SUI symptoms. In that population, it is safe 
to forego urodynamics preoperatively. In many 
other groups of women with bothersome LUTS, 
urodynamics remains the best test available to 
confirm a diagnosis and exclude others. New 
guidelines in urodynamics and nonneurogenic 
OAB state that empiric treatment should not be 
withheld for urodynamics first for the patient with 
uncomplicated OAB. Urodynamics is more aptly 
reserved for the OAB patient who fails to respond 
to empiric conservative therapy or in whom there 
is a concern for a poorly compliant bladder or uri- 
nary obstruction. In the case of voiding LUTS, the 
current literature points to the value of voiding 
studies to better understand both the filling and 
emptying function. 
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KEY POINTS 


e Lower urinary tract dysfunction and urinary symptoms are common in patients with multiple scle- 
rosis (MS), and when studied, most symptomatic patients will have abnormal urodynamic findings. 

e Urologic symptoms may not always predict urodynamic study findings. 

e Invasive pressure-flow urodynamic studies may be helpful in providing an accurate diagnosis; how- 
ever, the universal recommendation of obtaining invasive urodynamic testing in MS patients with 
minimal to moderate urologic symptom burden seems flawed. 


INTRODUCTION 


Multiple sclerosis (MS) is an autoimmune inflam- 
matory disease that results in damage to the 
myelin sheaths of the nerves in the central nervous 
system. MS is commonly diagnosed between the 
ages of 20 and 40 and affects women 3 times 
more often than men. Reportedly, 80% to 96% 
of all patients with MS will seek urologic care 
because of bothersome lower urinary tract symp- 
toms (LUTS) at some point in their disease course, 
and as many as 12% may have symptoms before 
their actual diagnosis.''* For the purposes of this 
review, all patients are considered who have 
LUTS secondary to MS as having neurogenic 
lower urinary tract dysfunction (NLUTD). Another 
term that is commonly used in this population is 
neurogenic bladder (NGB). In the strictest of 
senses, patients with NGB suffer from some type 
of bladder dysfunction secondary to an underlying 


neurologic condition, although this terminology is 
commonly applied to a broader range of 
dysfunctions. 

Urinary urgency, frequency, and urgency incon- 
tinence are the most common symptoms reported 
by patients with MS, occurring in 37% to 99% of 
patients. Voiding symptoms (hesitancy, feeling 
of incomplete emptying, and occasionally urinary 
retention) are also common in this population, 
occurring in 34% to 79% of patients.** Tradition- 
ally, filling cystometry combined with pressure/ 
flow studies (that will be now referred to as urody- 
namic studies or UDS) have been a cornerstone of 
the initial evaluation of patients with NLUTD, 
although recently that practice has been chal- 
lenged. In this review article, the role of UDS in 
the diagnosis and management of patients with 
MS is focused on, along with data published within 
the past 15 years. 
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URODYNAMIC FINDINGS IN PATIENTS WITH 
Ms 


Among patients with MS, the most common UDS 
finding is neurogenic detrusor overactivity (NDO)? 
seen in up to 70% of patients, although consider- 
able variation exists depending on the population 
studied. It is theorized that in patients with MS, 
NDO results from the loss of inhibitory cortical in- 
fluence of brain stem activity. In contrast, the 
cause of idiopathic detrusor overactivity (IDO), 
which represents detrusor overactivity (DO) seen 
in patients without known neurologic conditions, 
is less clear, although myogenic, undiagnosed 
neurogenic, and ischemic causes have all been 
suggested. Data from a recent study suggest 
that, in-line with the above physiologic explana- 
tion, DO seen in MS differs from that seen in non- 
neurogenic patients. In 2006, Lemack and 
colleagues? investigated the differences between 
NDO in MS patients and IDO in patients without 
any neurogenic cause. The authors examined 
amplitude of first involuntary detrusor contraction 
(IDC), maximal detrusor contraction, and threshold 
volume for the first IDC as a measure severity of 
DO. Patients with MS and NDO had significantly 
higher amplitude of first IDC (28.3 cmH2O vs 20.5 
cmH20, P = .003). Similarly, NDO patients had a 
significantly higher maximal detrusor contraction, 
46.4 cmH2O, as compared with IDO patients, 
30.8 cmH20 (P = .002). Last, the threshold volume 
for DO was greater in the MS patients (186.8 mL vs 
150.5 mL, P = .037), which the authors attributed 
to the larger postvoid residual (PVR) in the MS pa- 
tients. These findings were in concert with a 1997 
study by Gray and colleagues, who also noted 
that patients with MS had higher amplitudes of 
IDCs as compared with nonneurogenic controls. 
In addition, MS patients had higher PVRs when 
compared with nonneurogenic patients. 

Others have similarly found DO to be the most 
common urodynamic finding followed by detrusor 
sphincter dyssynergia (DSD) (25%), although the 
variance in prevalence rates between this and other 
studies reflects the importance of recognizing the 
particular population surveyed, and the urodynamic 
definitions used.’ A recent meta-analysis of the eval- 
uation and management of LUTS in MS noted NDO 
(25%-100%) and DSD (8%-71%) as the most com- 
mon UDS findings. Detrusor underactivity or acon- 
tractility was seen in 8% to 70%, and altered 
compliance was found in 7% to 10% of patients.® 


URINARY SYMPTOMS IN PATIENTS WITH MS 


As NDO is the most common UDS finding seen 
in patients with MS, numerous studies have 


shown that storage symptoms (such as urgency, 
frequency, and urgency incontinence) are the 
most common LUTS reported by these patients. 
Depending on the population surveyed and the 
survey tool used, a prevalence of 10% to 100% 
for LUTS has been reported. Hennessey and col- 
leagues? investigated urinary, fecal, and sexual 
dysfunction in patients with MS. Of 191 patients 
queried, 53% reported bothersome urologic 
symptoms, with symptoms of urinary frequency 
and urgency being much more prevalent than 
voiding/emptying symptoms. Specifically, some 
degree of urinary frequency was observed in 
177 of 191 (93%) patients. Overall, 145 of 191 
(76%) were noted to void more than 5 times a 
day and 32 of 191 (17%) more than 10 times a 
day. Interestingly, in this group, 71% of patients 
reported some degree of urgency incontinence. 
Chronic catheter use was fairly infrequent in this 
group. Although 55 of 221 (25%) patients had 
required the use of a urinary catheter at some 
point in their disease process, only 6 of 221 
(3%) used clean intermittent catheterization on a 
regular basis.° A recent study of 66 patients noted 
storage symptoms to be more common than 
emptying symptoms. Specifically, urinary urgency 
was the most common symptom (65%), followed 
by frequency (44%) and urgency incontinence 
(42%).” 

Although both LUTS and UDS findings are sub- 
ject to change over time, the LUTS progression 
does not seem to be inevitable in patients with 
MS. A 2001 study retrospectively evaluated 22 pa- 
tients with MS and LUTS over a 14-year period. '° 
All patients underwent 2 or more UDS during this 
time as a means of studying their LUTS. Fourteen 
of the 22 (64%) patients had stable or worsening of 
the same symptoms at follow-up and 8 of 22 (36%) 
had new symptoms of incontinence, obstructive, 
or irritative symptoms. Six of the 14 patients who 
did not develop new urinary symptoms were found 
to have significant changes in UDS patterns, 
including altered compliance. The data from this 
small study are not sufficient to conclude that 
repeated urodynamic investigations are warranted 
in patients without change in symptoms, baseline 
renal or urodynamic abnormalities, or patients 
deemed to be at high risk. 

In summary, UDS may be helpful in identifying 
the type of NLUTD in patients with MS. NDO is 
the most common UDS observation in symp- 
tomatic patients, and storage symptoms, such 
as urinary urgency and frequency, are the most 
common symptoms described. Still, the relation- 
ship between urinary symptoms and UDS find- 
ings in patients with MS requires further 
scrutiny. 


THE COMPLEX RELATIONSHIP BETWEEN 
DISEASE SEVERITY, UROLOGIC SYMPTOMS, 
AND URODYNAMIC FINDINGS 


The relationship between LUTS, neurologic symp- 
tom severity, and UDS findings has been reported 
on several occasions. Overall, the results are 
decidedly mixed. Several studies have shown a 
positive correlation between Expanded Disability 
Status Scale (EDSS) and NLUTD. A 1999 study 
retrospectively investigated 116 patients with MS 
and NLUTD.'' All patients had EDSS scoring 
(mean EDSS was 6.0 + 2.2) and were evaluated 
with a UDS. UDS abnormalities were noted in 
104 of 116 (90%) patients. DO was seen in 94 of 
104 (81%) and detrusor acontractility in 4 of 104 
(8%). Altered compliance was observed in 12 
(10%) patients, whereas detrusor external 
sphincter dyssynergia was noted in 49 (42%) 
patients. There was a significant relationship be- 
tween urologic complaints and neurologic com- 
plaints. Specifically, there was a significant 
positive correlation between the presence of DO 
and EDSS score (P = .003). 

In 2001, Barbalias and colleagues'* prospec- 
tively investigated 110 patients with MS with the 
aim of correlating the response to treatment, the 
prevailing UDS findings, and severity of disease. 
All patients had videourodynamics (VUDS; UDS 
with simultaneous fluoroscopic imaging) and 
assessment of their MS symptoms using the 
Kurtzke score, which grades severity of MS symp- 
toms on a scale of 1 (self-sufficient with minimal 
impact on daily life) to 3 (wheelchair-dependent 
or nonambulatory). The authors found no correla- 
tion between VUDS finding (DSD, DO, altered 
compliance) and severity of MS. 

Onal and colleagues’? reported on the relation- 
ship between urologic symptoms (not UDS find- 
ings) and neurologic parameters in patients with 
MS. The authors retrospectively examined 249 pa- 
tients with MS and LUTS. Disease severity was 
determined by EDSS score, whereas urologic 
symptoms were evaluated using the Boyarsky 
symptom index, and a questionnaire graded 0 to 
22. The authors found only a weak correlation be- 
tween EDSS scores and storage, voiding and total 
symptom scores. Because this seldom-used 
questionnaire lacks specific questions regarding 
urgency incontinence and the need to strain with 
urination, the lack of correlation may not be 
entirely unexpected. 

Most recently, Wiedemann and colleagues! 
sought to define which demographic factors 
were critical in the determination if UDS were 
necessary in patients with MS. The authors exam- 
ined 100 patients with MS (9 primary progressive 
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multiple sclerosis, 47 relapse remitting multiple 
sclerosis [RRMS], and 43 secondary progressive 
multiple sclerosis), whose mean EDSS was 4.52 
+ 2.26. Sixty-one patients reported urinary incon- 
tinence based on recall, with 78.7% of patients re- 
porting that they used incontinence pads. During 
UDS, 26 patients were observed to have DSD, of 
which all patients had concomitant DO. Isolated 
DO was noted in 21 patients. When regression 
analysis was performed, the highest probability 
to detect pathologic findings on UDS was seen 
in patients with an EDSS greater than 6.5 (wheel- 
chair-dependent), followed by use of more than 
one incontinence pad and having any form of MS 
other than RRMS. The authors concluded that all 
patients with MS should be questioned about 
LUTS and have a UDS if they have increasing 
degree of disability (EDSS>6.5), use more than 
one pad per day, or have primary or secondary 
progressive forms of MS. 

Haverkorn and colleagues'® examined the role 
of the Urinary Distress Inventory Short Form 
(UDI-6), a validated questionnaire assessing 
LUTS, to predict UDS findings of women with 
MS. They retrospectively reviewed their MS data- 
base for patients who had both UDS data and 
UDI-6 data (n = 68). The authors concluded that 
aggregate UDI-6 score did not correlate with 
UDS findings. However, question 1 of the UDI-6 
(“Do you experience, and, if so, how much are 
you bothered by frequent urination?”) correlated 
with filling phase abnormalities, whereas question 
5 (“Do you experience, and, if so, how much are 
you bothered by difficulty emptying your 
bladder?”) correlated with an abnormal PVR.'° In 
addition, patients with moderate/severe bother 
associated with frequency (Q1) were more likely 
to have DO than those with no/mild bother 
(P = .05), had significantly lower voided volumes 
(195 mL vs 317 mL, P = .008), and lower maximum 
bladder capacity (293 mL vs 481 mL, P = .026). 
Patients with greater bother while voiding (Q5) 
were not more likely to have DSD, but did have 
higher PVR volumes (146 mL vs 52 mL, 
P = ,036). Abnormal scoring on these 2 items 
may indicate that underlying UDS abnormalities 
are likely to be present. 

Dillon and colleagues'’ reported on the ability of 
UDS to predict the progression of LUTS in patients 
with MS. The authors retrospectively examined 
their neurogenic database and identified 122 
women who had undergone UDS and had 2 sets 
of UDI-6 questionnaires, separated by at least 
6 months. UDS parameters that were investigated 
were presence of DO, presence of DSD, maximum 
cystometric capacity, maximum flow (Qmax), 
PVR, and presence of urodynamic-proven urge 
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urinary incontinence. The authors found that not 
only was there a lack of symptom progression in 
patients who did not have DO or DSD, but after 
the institution of care at a urologic tertiary referral 
center, patients had improvement in their symp- 
toms. Patients who were noted to have DO or 
DSD did not appear, on average, to have an inev- 
itable progression of symptoms. 

Although several studies have shown a positive 
relationship between some clinicodemographic 
factor of MS and UDS findings or LUTS, others 
have failed to show a correlation between neuro- 
logic symptoms and UDS findings. Nakipoglu 
and colleagues’ investigated the correlation 
between MS symptoms and UDS findings. One 
hundred thirty-two patients with MS were evalu- 
ated over a 1-year period, of which 52 were 
included in the final analysis. MS symptoms were 
assessed using EDSS score. UDS abnormalities 
were seen in 58% of patients, whereas 42% of pa- 
tients with MS had normal UDS. No relationship 
was found between disease characteristics and 
urinary symptoms, urinary complications, and 
UDS findings (P>.05). 

Urinary symptoms may also not be predictive of 
UDS findings, particularly in patients with voiding 
disorders. In a UDS investigation of patients with 
neurogenic outlet obstruction due to MS, Lemack 
and colleagues’? found that many patients with a 
UDS finding of a voiding disorder were referred 
with largely storage type urinary symptoms. Over- 
all, 127 women with MS were evaluated and 108 
had UDS. Most patients (52%) were referred for 
LUTS (urgency, frequency, and/or urgency inconti- 
nence). The remainder of the patients was referred 
for symptoms of voiding dysfunction (21%), sus- 
pected UTI (13%), or other complaints (14%). The 
authors found that there were no differences in 
chief complaints of those with and without bladder 
outlet obstruction (BOO), suggesting that if the 
finding of BOO would impact management, then 
UDS studies may be necessary to establish the 
diagnosis, because obstructive symptoms were 
present less frequently than storage symptoms. 

Because of the lack of a clear relationship be- 
tween symptoms and urodynamic findings, as 
well as the lack of agreement as to the clinical 
meaningfulness of demonstrating certain uro- 
dynamic findings (ie, it is not clear that demon- 
strating DO impacts management of patients 
with OAB symptoms), it remains up to the clinician 
to decide when UDS are indicated. It is the opinion 
of the authors that patients with elevated PVR 
(>150 mL), patients that have failed at least 2 
trials of medical therapy, patients with primarily 
obstructive symptoms (straining, hesitancy), and 
patients with any degree of hydronephrosis do 


merit an initial UDS. Furthermore, although the 
authors do think that patients with MS contem- 
plating stress urinary incontinence surgery should 
undergo UDS preoperatively, those considering 
onabotulinumtoxinA injections may not require 
anything beyond symptom and PVR assessment 
in most circumstances. 


URODYNAMICS AND UPPER TRACT 
MONITORING 


Available studies investigating the prevalence of 
upper urinary tract (UUT) abnormalities in patients 
with MS are limited. Furthermore, the relevant clin- 
ical question, that is, who, in particular seems to 
be at greatest risk, has been studied infrequently. 
Dogma suggests that UDS is essential in the initial 
evaluation of all patients with MS and LUTS to 
assess risk factors for UUT damage and imple- 
ment strategies to prevent damage. This review 
solely highlights those studies investigating upper 
tract deterioration and the potential relationship 
with MS characteristics. 

The extent to which the kidneys are at risk for 
deterioration, as they seem to be for spinal cord 
injury, has been debated. In a study of 92 patients 
with MS, the mean creatinine clearance was found 
to be normal at 132.8.'° When stratified based on 
type of MS (relapsing vs progressive), severity of 
MS based on EDSS score and UDS findings, no 
significance was found between groups and the 
rate of upper tract damage based on creatinine 
clearance. A trend was noted in patients who 
had severe MS (EDSS>5) and those who had up- 
per tract damage, as defined by a change in serum 
creatinine levels. Others have demonstrated that 
patients with MS are at low risk for upper tract 
deterioration. In a recent series, only 16.7% of 
MS patients demonstrated some degree of abnor- 
mality on renal ultrasound, with focal caliectasis 
being most common.2° Findings on UDS were 
not associated with abnormal ultrasound findings. 
In a subsequent study by the same authors, pa- 
tients with concomitant NDO and bladder outlet 
dyssynergia were not found to have an appre- 
ciable difference in detrusor pressures when 
compared with patients with NDO alone.'® This 
finding again gives merit to the fact that even in pa- 
tients with bladder outlet dysfunction, the inci- 
dence of upper tract damage is low. Similarly, 
Onal and colleagues'* reported that 5% of their 
patients with MS were found to have unilateral or 
bilateral hydronephrosis. Furthermore, no correla- 
tion was found between UDS diagnosis and UUT 
deterioration (P>.05). 

More recently, Fletcher and colleagues?! inves- 
tigated the prevalence of renal ultrasound 


abnormalities over time in MS patients with LUTS. 
The authors defined UUT damage as the presence 
of hydronephrosis, caliectasis, cortical scarring, or 
stone formation. Over a 9-year period, 173 pa- 
tients had both UDS and renal ultrasound. 
Eighty-nine patients had repeat UDS at a time 
point greater than 12 months. Of these, 5.8% of 
subjects had abnormalities at initial ultrasound, 
whereas at follow-up, renal ultrasound (RUS) ab- 
normalities were seen in 12.4% of patients. Over- 
all, there were 7 patients who developed new 
abnormalities. Of those who developed UUT ab- 
normalities, patients who were greater than 
49 years old were more likely to have RUS abnor- 
malities (P = .04) as were patients who had 
abnormal compliance (P = .04) on initial UDS eval- 
uation. The authors concluded that the develop- 
ment of UUT abnormalities as determined by 
RUS overall is low, although older patients and 
those with abnormal compliance may merit closer 
supervision. 


SUMMARY 


NLUTD and urinary symptoms are quite common 
in patients with MS, and when studied, most 
symptomatic patients will likely have abnormal 
UDS findings. This truism does not mean that pa- 
tients with MS universally require UDS. Therefore, 
although symptoms may not always predict UDS 
findings, a combination of noninvasive studies 
and a stepwise approach to symptomatic man- 
agement may suffice when treating most patients 
with LUTS and MS. Thus, for the typical female pa- 
tient with normal PVR and urgency symptoms, 
initiating medical therapy seems justified without 
the need for UDS. There is no doubt that for 
many, ultimately UDS may be helpful in providing 
an accurate diagnosis, guiding management deci- 
sions, and potentially, offering prognostic informa- 
tion on risk for upper tract deterioration (which is 
overall quite uncommon). However, the universal 
recommendation of obtaining UDS in MS patients 
with minimal to moderate urologic symptom 
burden seems flawed. 
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KEY POINTS 


e Neurogenic lower urinary tract dysfunction (NLUTD) affects a large population of patients with 
variable bladder behaviors depending on extent of disease. 

e Videourodynamics can be useful to evaluate outlet and upper tracts during filling and voiding. 

e Monitoring blood pressure during urodynamics (UDS) for autonomic dysreflexia is especially impor- 


tant for patients with spinal cord injury (SCI). 


e UDS in patients with NLUTD are challenging because of the inherent lack of sensation and lack of 


correlation of symptoms to upper tract disease. 


e Patients with SCI undergo a period of spinal shock after injury usually lasting 4 to 6 weeks; initial 
study should be delayed until after bladder reflexes return. 


WHO: EPIDEMIOLOGY OF NEUROGENIC 
LOWER URINARY TRACT DYSFUNCTION 


Neurogenic lower urinary tract dysfunction 
(NLUTD) (also referred to as neurogenic bladder 
[NGB)}) is a condition in which neurologic disease 
manifests by alteration of bladder and sphincter 
activities through abnormal bladder innervation. 
NLUTD affects a large population of patients 
suffering from various conditions, including spinal 
cord injury (SCI), stroke, traumatic brain injury, 
brain tumor, meningomyelocele, cerebral palsy, 
multiple sclerosis, disk disease, Parkinson dis- 
ease, and other diseases with long-term neuro- 
logic dysfunction, such as diabetes, pernicious 
anemia, and tabes dorsalis. Bladder behavior in 
each subset of patients is unique depending on 


extent and length of disease and may require close 
monitoring for symptomatic control and evaluation 
for potential upper tract deterioration. 


Historical Perspective 


Before the late 1970s, it was well recognized that 


patients with NGB developed bladder dysfunction 
and obstructive uropathy slowly in the first 5 years 
after injury, followed by a faster progression to 
eventual renal failure, hypertension, stone forma- 
tion, incontinence, vesicoureteral reflux (VUR), 
autonomic dysreflexia (AD), and even death.' The 
recognition that bladder storage pressure is related 
to upper tract damage was first published in 1978 
by Light and colleagues,* who reported upper tract 
deterioration in children with myelodysplasia. This 
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was followed by the more familiar work of McGuire 
and colleagues, in 1981, who described more 
definitively that myelodysplastic children with 
elevated detrusor leak point pressure (DLPP) are 
at risk to develop upper tract disease. This land- 
mark study evaluated 42 pediatric subjects with 
spinal dysraphism. These subjects underwent uro- 
dynamics (UDS) and 68% of subjects with a DLPP 
greater than 40 cm of water were found to have 
VUR and 81% had dilated upper tracts on excre- 
tory urography. In contrast, none of the subjects 
with a DLPP less than 40 cm of water had VUR 
and only 9% had dilation of upper tracts. Sub- 
sequently, in 1989, Ghoniem and colleagues* 
described the relationship between high DLPP 
and poor bladder compliance leading to renal 
dysfunction, thus prompting the use of pharmaco- 
logic therapy in conjunction with intermittent cath- 
eterization or procedures, such as bladder neck 
incision, to decrease outlet resistance. 


HOW: PERFORMING UDS IN A PATIENT WITH 
NLUTD 
Preparation for the Study 


Many patients with NLUTD also have neurogenic 
bowel with a home bowel regimen. If the patent 
is not on a bowel regimen, bowel evacuation 
may be necessary before the study to allow for 
accurate rectal catheter pressure readings.° If pa- 
tients are already on a bowel program, rectal sup- 
positories or enemas should be administered with 
enough time before the study to allow the medica- 
tion to take effect and avoid bowel movements 
during the procedure. 

The study can be performed in the supine, 
sitting, or standing positions, or during ambula- 
tion. Many patients with NLUTD have limitations 
in mobility, not allowing them to sit or stand at a 
commode. These patients do not usually void 
into a toilet and, therefore, it is acceptable to do 
the study in the supine position during the test. Pa- 
tients should be comfortable regardless of position 
and care should be taken to avoid excess pressure 
on the limbs and to protect skin from breakdown. If 
patients volitionally void, the study should be per- 
formed in the position in which they usually void 
(standing or sitting) to allow for optimal pressure- 
flow measurement. If using fluoroscopy, it is ideal 
that the patient is positioned so that oblique 
images can be captured to adequately visualize 
the bladder neck. To perform the pressure-flow 
portion of the study, urine may be collected into 
a wide-bore drainpipe with length to reach the 
flowmeter. Multiple positions might be required, 
especially when expected results are not achieved 
in the supine position. 


Filling Rate 


Patients with NLUTD tend to be more sensitive to 
the speed of filling. A voiding diary is often helpful 
to determine if the filling rate should be decreased. 
A voiding diary that reveals low volumes and/or 
consistent leakage with or between each void or 
catheterization warrants lower filling rates. Gener- 
ally, starting at a low rate of 10 mL/min or less is 
advised.’ If no increase in detrusor pressure is 
seen, the rate may be increased slowly. If the detru- 
sor pressure continues to increase with filling, 
decreasing the filling rate or stopping the infusion 
can help determine if the increase in pressure is 
due to a detrusor contraction or impaired com- 
pliance. In a child with NLUTD, the rate can be 
calculated as 2% to 10% of the child’s age- 
related bladder capacity.®° Filling rates greater 
than 20% of estimated bladder capacity have 
been shown to artificially raise detrusor pressures. '° 


Electromyography 


Electromyography (EMG) during UDS is very use- 
ful in patients with NLUTD because it may confirm 
denervation of the pelvic floor musculature or 
identify discoordination of the external urethral 
sphincter. In patients with sensation, pad surface 
electrodes can be placed around the anus. The 
surface EMG is described as an indirect measure 
of external sphincter activity. Needle electrodes 
that more directly assess sphincter function are 
often used with patients with SCI who have no 
sensation. '! 

EMG is especially important in evaluation of pa- 
tients with neurologic lesions suggestive of detru- 
sor external sphincter dyssynergia (DESD) or other 
evidence of impaired bladder emptying. DESD is 
seen during the voiding phase of the UDS 
(Fig. 1). During DESD, the external (voluntary) 
sphincter contracts (signified by increased EMG 
activity on UDS), which impairs the ability to empty 
the bladder by obstructing the outlet and may pre- 
vent a sustained bladder contraction, further im- 
pairing bladder emptying. EMG is also useful in 
monitoring patients who have undergone sphinc- 
terotomy (see later discussion). 


Videourodynamics 


Fluoroscopic imaging at the time of videourody- 
namics allows for the visual evaluation of the entire 
urinary tract during filling and voiding phases of the 
study. This imaging identifies anatomic and func- 
tional abnormalities of the urinary tract. Fluoros- 
copy may be performed on a radiograph table 
in the supine position, or in an radiograph- 
compatible UDS chair. Patients with NLUTD often 
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Fig. 1. (A) UDS showing poorly sustained bladder contractions in a patient with DESD. (8) UDS of a patient with 
AD and DESD. DESD, detrusor external sphincter dyssynergia; EMG, electromyelogram; Pabd, abdominal pressure; 


Pdet, detrusor pressure; Pves, vesical pressure. 


have symptoms that are difficult to differentiate or 
they may be asymptomatic given their altered 
sensation. This is particularly challenging in pa- 
tients with incontinence and incomplete bladder 
emptying, especially in aging men with benign 
prostatic enlargement or women with pelvic organ 
prolapse in whom other causes of dysfunction 
may be considered. 


AD 


In 1860, the first case of AD was described by 
Hilton’? as hot flushes in a patient with C5 SCI. 


Subsequent reports described a variety of symp- 
toms, including hot flushes, sweating with brady- 
cardia, and increase in blood pressure associated 
with a distended bladder.'*'* In 1947, Guttman 
and Whitteridge'® more fully described the auto- 
nomic response after distension of the abdominal 
viscera leading to effects on cardiovascular activity 
in subjects with SCI. 

AD occurs in approximately 60% of cervical and 
20% of thoracic SCI patients. The most common 
cause is bladder or rectal distension, either spon- 
taneous or by instrumentation (ie, UDS). Other 
causes include plugged catheters, urinary tract 
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stones, long bone fracture, decubitus ulcers, or 
even electroejaculation. 

A classic sign of AD is an increase in blood pres- 
sure with bradycardia, although true bradycardia 
is seen in only approximately 10% of patients. ° 
In fact, tachycardia or no significant change in 
heart rate is more common in patients with AD. 
Other signs may include cardiac arrhythmias, 
changes in skin temperatures (vasodilation above 
the spinal cord lesion, vasoconstriction below the 
spinal cord lesion), or changes in mentation. 

Common symptoms include sweating above the 
spinal cord lesion, pounding headache, hot 
flushes, piloerection, nasal congestion, dyspnea, 
and anxiety. Although we usually think of patients 
presenting with these classic symptoms, some 
patients may be entirely asymptomatic. A study 
by Linsenmeyer and colleagues!” demonstrated 
that 35 of 45 subjects with SCI above T6 were 
asymptomatic with a significant elevation of blood 
pressure. This emphasizes the importance of 
monitoring blood pressure during procedures in 
patients at risk for AD because significant changes 
in heart rate and blood pressure may be missed in 
an asymptomatic patient with possible devas- 
tating outcomes, including seizures, stroke, or 
even death. During UDS, it is generally recommen- 
ded to obtain a baseline blood pressure and cycle 
the blood pressure during regular intervals 
throughout the study (see Fig. 1B). 

When AD is recognized, the first course of action 
should be removal of the stimulus. Usually this 
means ensuring that a patient’s catheter is drain- 
ing correctly, checking for fecal impaction, or (if 


Recovery of 
Bladder Reflexes 
Good Compliance 
Asymptomatic 


Yearly Follow-up 


Fig. 2. Treatment algorithm for patients with AD. 
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performing a urologic procedure) stopping and 
immediately emptying the bladder. It is also rec- 
ommended to move the patient upright and re- 
move any tight clothing or constrictive devices. 18 
If this does not alleviate symptoms and/or 
decrease blood pressure, the urologist can move 
to pharmacologic agents. 

No particular pharmacologic agent is preferred 
for acute AD. Multiple drugs have been used, 
including nifedipine, nitrates, captopril, terazosin, 
prazosin, phenoxybenzamine, and prostaglandin 
E2. Nifedipine, a calcium channel blocker, has 
been the most popular pharmacologic agent for 
management of acute AD. The usual dose is 
10 mg oral and the patient is asked to chew and 
swallow the medication for optimal absorption. 
The use of nifedipine is falling out of favor for pa- 
tients without SCI secondary to adverse events 
seen in management of hypertensive emergen- 
cies, including stroke, heart attack, severe hypo- 
tension, and death.'° Nitrates have been used for 
acute AD but should be used with caution because 
of drug interaction, especially in patients who use 
phosphodiesterase 5 inhibitors. Topical nitrates 
are easy to use and can be removed quickly if 
necessary. Typically, they are placed on the shoul- 
ders or arms, above the level of injury. If a patient 
has a history of AD, consideration of prophylaxis 
given 30 minutes before a urologic procedure, 
including UDS, would be appropriate (Fig. 2). 

Patients with recurrent AD can be managed pro- 
phylactically. Terazosin, nightly, at 5 mg has been 
used without change in blood pressure or erectile 
function.2° Vaidyanathan and colleagues?’ titrated 
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terazosin from 1 to 10 mg daily in 18 subjects with 
resolution of AD in all subjects. One subject 
required discontinuation secondary to dizziness. 
Although prophylaxis has been effective in pre- 
vention of AD, it is important to continue to monitor 
during any urologic procedure, including UDS. 
Other prophylactic medications include prazosin 
and phenoxybenzamine. Intravesical botulinum 
toxin and capsaicin have been demonstrated to 
decrease AD episodes but further studies are 
required. If conservative measures do not alleviate 
AD, sacral denervation has been described; how- 
ever, studies are conflicting on its effectiveness 
for eliminating AD. If prophylaxis does not ade- 
quately manage AD, the study can be performed 
under general anesthesia with close monitoring. 


Challenges of UDS in NLUTD 


UDS in patients with NLUTD may present chal- 
lenges not seen in neurologically intact patients. 
For example, many patients with NLUTD lack 
symptoms because of impaired or altered bladder 
sensation, or it may be difficult for the patient to 
define symptoms, such as timing of incontinence. 
Patients with NLUTD may have a difficult time 
describing whether leakage is associated with uri- 
nary urgency or stress maneuvers, such as trans- 
ferring in and out of a wheelchair. We know that 
degree of symptoms does not necessarily corre- 
late with findings on UDS in the neurologically 
intact patient, which also applies to patients with 
NLUTD. Importantly, the severity of symptoms 
does not always correlate with the magnitude of 
disease affecting the urinary tract.2*-2° This is 
particularly crucial to remember in patients at risk 
of upper tract deterioration, such as children with 
spinal dysraphism. Dator and colleagues** 
demonstrated a poor correlation between neuro- 
logic signs and symptoms and UDS assessment 
in 54 children with myelodysplasia. In addition, 
although we know that certain levels of injury in pa- 
tients with SCI tend to have certain types of 
bladder dysfunction, the exact status of the both 
the bladder and sphincter behavior cannot be in- 
ferred solely from the neurologic evaluation.2*:2* 
The importance of doing high-quality studies in 
subjects with NLUTD cannot be overstated 
because it is the only reliable indicator of the po- 
tential risk to upper tract deterioration and the 
optimal tool to guide appropriate lower urinary 
tract management. 


WHEN: BASELINE AND FOLLOW-UP STUDIES 
Spinal Shock 


Patients who experience an acute neurologic inci- 
dent, such as a stroke, traumatic brain injury, or 
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SCI, often develop detrusor areflexia from cerebral 
shock or spinal shock. Cerebral shock is poorly 
understood and development of urinary retention 
in stroke patients is likely multifactorial.2” These 
patients are often elderly and carry multiple co- 
morbidities as well as poor mobility, inability to 
communicate, impaired bladder sensation, and 
overdistention of the bladder. Return of bladder 
function is often unpredictable and has not been 
shown to have correlation with type or severity of 
stroke.?® 

In 1750, Whytt first described spinal shock as a 
loss of sensation accompanied by motor paralysis 
with gradual recovery of reflexes.2°°° The term 
shock was first used by Hall and colleagues?! in 
1841 in their work with frogs. Although the mech- 
anism of shock is unclear, the timing of return of 
reflexes has been well described.?? The bulboca- 
vernosus reflex and anal wink may never dis- 
appear or they may reappear hours after injury, 
whereas return of reflexive bladder function usu- 
ally takes at least 4 to 6 weeks. Incomplete spinal 
cord lesions may recover function in shorter 
periods of time, such as days or weeks.°° 


Initial Study 


Timing of the initial UDS study in patients with an 
acute neurologic injury depends on the return of 
their bladder reflexive function. Performing UDS 
during the spinal shock phase only necessitates 
another study once bladder function recovers. Re- 
covery of bladder function often manifests with in- 
continence between catheterizations as well as 
with new onset of lower extremity spasms.” If a 
patient does not develop incontinence, waiting 
3 months after injury is usually adequate with the 
patient performing intermittent catheterization. 

Recommendations for the timing of UDS in chil- 
dren with spinal dysraphism is not well defined. 
The International Consultation on Incontinence 
has the only recommendations about UDS in 
children, stating that “to help identify children at 
risk for subsequent urinary tract deterioration or 
a changing neurologic picture, initial UDS studies 
early in the neonatal period are recommended 
for children with myelodysplasia or occult spinal 
dysraphism.”** They go on to state that all patients 
with spinal dysraphism should undergo UDS and 
that timing and technique should be determined 
on an individual basis. 


Follow-up Studies 


It is recommended that patients with NLUTD have 
a yearly follow-up for symptom check. There is no 
current recommendation on routine imaging for 
patients with NLUTD. Yearly evaluation with a 
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renal and bladder ultrasound and abdominal 
radiograph to evaluate for hydronephrosis and 
stone disease is considered adequate by neurour- 
ologists. Serum chemistry to evaluate kidney func- 
tion is also helpful. 

The Good Urodynamic Practice Guidelines 
recommend repeating UDS if “the initial test sug- 
gests an abnormality, leaves cause of troublesome 
lower urinary tract symptoms unresolved, or if 
there are technical problems preventing proper 
analysis.”°° If these guidelines were followed, all 
patients with NLUTD would need to undergo 
repeated studies. When determining how often a 
patient with NLUTD requires UDS, the urologist 
should be asking if a repeat UDS will change the 
patient’s current bladder management. The Euro- 
pean Association of Urology guidelines recom- 
mend following the International Continence 
Society urodynamics standards that state that 
UDS is “essential in following up the natural history 
of the disease or for checking the efficacy of treat- 
ment.”3®37 The American Urological Association 
guidelines have no specific recommendations 
regarding follow-up studies.°*° 

There are various goals of treatment of patients 
with NLUTD, including®? 


e Upper urinary tract 
improvement 

e Absence or control of infection 

e Low storage pressures with adequate bladder 
capacity 

e Low voiding pressures with adequate 
emptying ability if not performing intermittent 
catheterization 


preservation or 


Blood Pressure 
Normalizes 


Consider Repeating 
Study in Future with 
Prophylaxis 


Terazosin $ mg 
(30 min before to study)! 


Consider study 
under anesthesia 


Fig. 3. Work-up algorithm for patients with NGB. 


Elevated Blood Pressure 


Empty Bladder 


Minimal or no incontinence 

Avoidance of indwelling catheter or stoma 

e Social acceptability and adaptability of 
bladder management 

e Vocational acceptability and adaptability of 

bladder management. 


Keeping these goals in mind, the urologist 
should consider repeating UDS if the patient re- 
ports a change in bladder behavior or if routine 
studies, such as blood work, renal ultrasound, or 
other imaging, are abnormal. 

What about the patients who are asymptom- 
atic? The importance of UDS evaluation in this 
patient population is reflected in a retrospective 
study by Nosseir and colleagues.°° They looked 
at 80 subjects with SCI who underwent UDS 
once a year for at least 5 consecutive years to 
determine how often treatment is modified 
based on UDS results. They defined treatment 
success as detrusor pressure less than 40 cm 
of water during filling and less than 90 cm of 
water during voiding, as well as absence of 
AD, less than three urinary tract infections per 
year, one continence pad per day, and no hy- 
dronephrosis or scarring on renal ultrasound. 
With a mean follow-up of 67.3 months, no sub- 
ject had signs of renal damage and 77 of 80 
(96%) subjects ultimately required treatment 
modification based on UDS findings during the 
study period. Of subjects who were symptom- 
atic at time of UDS, all of them had abnormal- 
ities. More importantly, 68% of clinical failures 
would have been undetected based on symp- 
toms alone. 


Blood Pressure 
Remains Elevated 


Nifedipine 10 mg 
(chewed) 


Nitropaste 1 inch 
(shoulder or arm) 


Blood Pressure 
Normalizes 


UDS can also be used to monitor patients before 
and after surgical interventions. Patients who have 
incontinence secondary to neurogenic detrusor 
activity require UDS to confirm the cause of incon- 
tinence before intravesical onabotulinumtoxinA in- 
jection. UDS may also be especially important for 
patients who reflex void and have undergone 
sphincterotomy. Failure of sphincterotomy has 
been defined as persistence of VUR or hydroneph- 
rosis, recurrent urinary tract infection, elevated 
postvoid residual volume, or persistent or recur- 
rent AD. Light and colleagues*° evaluated nine 
subjects who failed sphincterotomy and found 
that these subjects had low maximum intravesical 
pressures before voiding, suggesting detrusor hy- 
pocontractility. Long-term upper tract deteriora- 
tion after sphincterotomy has been associated 
with DLPP greater than 40 cm of water,*' suggest- 
ing that the initial sphincterotomy may need to be 
repeated. Fig. 3 summarizes the initial work up 
and follow-up algorithm for patients with NGB. 

Because UDS is time consuming, invasive, and 
has associated costs, attempts at using other clin- 
ical tools to assess a patient’s need for UDS have 
been explored. Pannek and colleagues“? looked at 
the use of detrusor wall thickness at various 
bladder volumes and its correlation to favorable 
UDS results and found that it was sensitive to 
determine the patients with no risk factors for renal 
damage; however, clinical parameters, such as 
detrusor overactivity and incontinence, could not 
be evaluated and may require further evaluation 
with UDS regardless of risk of renal damage. 


SUMMARY 


The main goal of management of a patient with 
NLUTD is to preserve renal function. UDS is the 
study of choice to identify patients at risk for upper 
tract deterioration as evidenced by high DLPP. 
This patient population presents a unique set of 
challenges because they often lack symptoms 
and/or the severity of symptoms does not corre- 
late with the extent of potential risk to the kidneys. 
Patients with acute injury should have initial evalu- 
ation once bladder function returns, which often 
occurs around 3 months after injury. Children 
with spinal dysraphism should have initial studies 
performed early in life to identify those at higher 
risk. Follow-up UDS are performed in patients 
with change in symptoms, impairment of renal 
function, or concerning imaging studies. 
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Pressure Flow Studies in 
Men and Women 


Sylvester E. Onyishi, MD, Christian O. Twiss, MD* 


KEYWORDS 


e Urodynamics ¢ Pressure flow study e Urinary obstruction ¢ Detrusor underactivity 


KEY POINTS 


e There are well-established pressure flow criteria for urinary obstruction in men. 

e The pressure flow criteria for female urinary obstruction are not well established because of differ- 
ences in female voiding dynamics compared with men; typically, other information such as radio- 
graphic data and clinical symptoms are needed to facilitate the diagnosis. 

e Detrusor underactivity remains a poorly studied clinical condition without definitive urodynamic 


diagnostic criteria. 


INTRODUCTION 


Pressure flow urodynamics study is a well- 
established diagnostic tool for evaluating bladder 
outlet obstruction in men. Nomograms such as 
the Abrams-Griffiths nomogram, the Passive Ure- 
thral Resistance Relation, and the ICS nomogram 
have been established and accepted for use in 
male voiding dysfunction. Parameters obtained 
from these nomograms, such as the Bladder Outlet 
Obstruction Index (BOOI), Qmax (maximum flow), 
and PdetQmax (detrusor pressure at maximum 
flow), have accepted cutoff values for defining 
bladder outlet obstruction (BOO) in men with 
benign prostatic hyperplasia (BPH) due to the 
high prevalence of BPH and the associated symp- 
toms. Because of differences in the anatomy of 
lower urinary tract and voiding dynamics between 
the sexes, established criteria for urodynamic 
obstruction in men do not apply to women, and 
there are currently no widely accepted cutoff 
values for defining BOO in women. 

Another cause of lower urinary tract symptoms 
(LUTS) that cannot be distinguished from BOO 
purely based on symptoms and uroflow study is 
detrusor underactvity (DU). Although this is not 
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as prevalent in men as BOO, it accounts for a sig- 
nificant proportion of men with LUTS and is com- 
mon in women with urinary retention.’ According 
to the International Continence Society (ICS), DU 
is defined as a detrusor contraction of inadequate 
magnitude and/or duration to effect complete 
bladder emptying in the absence of urethral 
obstruction. DU may arise de novo and coexist 
with BOO, and it can be a complication of long- 
standing untreated BOO. DU can only be diag- 
nosed via pressure flow studies. 

In this report, we strive to highlight the role of 
pressure flow studies (PFS) in diagnosis of BOO 
and DU and determine what is known about the ur- 
odynamic criteria to diagnose these conditions in 
men and women. 


BASICS OF PFS 


PFS are the essential urodynamic studies used to 
evaluate the voiding or emptying characteristics of 
the lower urinary tract by monitoring the detrusor 
pressure and uroflow simultaneously. Detrusor 
contractility and bladder outlet resistance are the 
2 main parameters determined from PFS. Three 
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fundamental voiding states may be identified in 
PFS: 


1. Low detrusor pressure and high flow rate, 
which signifies the unobstructed state 

2. High detrusor pressure and low flow rate, which 
signifies the obstructed state 

3. Low detrusor pressure and low flow rate, which 
is indicative of detrusor underactivity 


It is important to note that borderline cases with 
coexistence of obstruction and impaired contrac- 
tility are possible and that the above classifications 
are not absolute. The nomograms described 
below have been devised to interpret PFS based 
on the plot of the detrusor pressure at maximum 
urinary flow (PdetQmax) versus the maximum uri- 
nary flow rate (Qmax). Typical unobstructed and 
obstructed PFS are shown in Fig. 1.° Intravesical 
and abdominal pressures are measured using 
catheters with pressure transducer, whereas the 
detrusor pressure is calculated by subtracting 
the abdominal pressure from the intravesical 
pressure. 


MEASURING URODYNAMIC OBSTRUCTION 
PFS in Men 


In men, Qmax of less than 10 has been used as the 
cutoff to suggest obstruction.* About 90% of men 
with a Qmax less than 10 have obstruction.* On 
the other hand, 25% to 30% of men with 
decreased flow rate do not have obstruction.* 
Thus, decreased flow rate by itself is not sufficient 
to accurately diagnose outlet resistance, as it may 
be indicative of obstruction, impaired bladder 
contractility, or a combination of both. Simulta- 
neous measurement of detrusor pressure and 
flow rate during voiding helps distinguish the 
causes of reduced flow rate by simultaneously as- 
sessing detrusor and outlet function as they relate 
to voiding. 

To this end, several well-established nomo- 
grams and concepts have been advanced to cate- 
gorize the voiding pattern in men as obstructed, 
equivocal, or unobstructed. These are (1) the 
Abrams-Griffiths nomogram, (2) the Urethral Resis- 
tance Factor (URA), (3) the Passive Urethral Resis- 
tance Relation (PURR), and (4) the Linear Passive 
Urethral Resistance Relation (LinPURR).°® 


The Abrams-Griffiths Nomogram 


The data for the Abrams-Griffiths nomogram 
(Fig. 2) were originally obtained via PFS of 117 
men age 55 and older evaluated for possible 
BPH.®? By plotting PdetQmax on Y axis and 
Qmax on X axis, 3 zones are generated, 


representing obstructed, unobstructed, and 
equivocal micturition. The boundaries for the 
zones were created by a combination of theoret- 
ical and empiric observations. Specifically, pa- 
tients were classified clinically as obstructed or 
unobstructed based on clinical criteria established 
in the earlier work of Abrams and colleagues '°-'* 
before undergoing pressure flow studies. In addi- 
tion, the pressure flow plots were represented as 
obstructed or unobstructed based on separate 
sets of empiric criteria previously established by 
Bates and colleagues '° and Griffiths.'* The nomo- 
gram was then constructed by comparing the 2 
methods of assessment, clinically and from pres- 
sure flow plots. 

This nomogram has been used in studying the 
outcome of prostatectomy performed for BOO. 
Jensen and colleagues'® noted significant 
improvement in pressure flow parameters after 
prostatectomy in obstructed patients but not in 
unobstructed patients using this nomogram. The 
improvements in pressure flow parameters were 
noted to correlate with subjective improvement in 
LUTS. Other investigators subsequently dupli- 
cated these findings.°'® Thus, the utility of the 
nomogram is primarily in making an accurate diag- 
nosis of male BOO and identifying patients who 
are likely to benefit from surgical intervention. 

One of the early criticisms of the Abrams- 
Griffiths nomogram was the lack of a quantitative 
measure of obstruction. This eventually led to the 
formulation of the Abrams-Griffiths (AG) number 
from this nomogram. The Abrams-Griffiths nomo- 
gram and the AG number form the basis of the 
ICS nomogram as discussed later. Another issue 
is that the Abrams-Griffiths nomogram by its na- 
ture does not permit the diagnosis of impaired 
contractility with or without coexisting BOO. 


The Concept of the Urethral Resistance Factor 


In a separate work, Griffiths and colleagues!” 
derived a single parameter called urethral resis- 
tance factor (URA) for quantifying urethral resis- 
tance. This was derived from the pressure flow 
plots of men with obstruction caused by BPH. 
This model was largely based on the conceptuali- 
zation of the urethra as an active tube with an 
effective cross-sectional area. Flow is initiated in 
such a tube once the minimum pressure, termed 
urethral opening pressure (Puo) is reached or 
slightly exceeded. Once Puo is reached, voiding 
occurs, assuming that the urethra remains relaxed 
during voiding. Based on this concept, the authors 
generated a series of curves of constant resis- 
tance (Fig. 3) and noted that these closely follow 
the pressure flow plots under relaxed conditions. 
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Fig. 1. (A) Normal, unobstructed PFS shows normal detrusor pressure and urinary flow rate. (B) Obstructed PFS 
shows classic high detrusor pressure and low urinary flow rate. (From Griffiths D. Basics of pressure-flow studies. 


World J Urol 1995;13:31; with permission.) 


Any pair of pressure-flow (PQ) values occurring 
during micturition can thus be represented by a 
point on this graph and the value of the Puo for 
the curve on which the point lies represents the 
URA, expressed in cm H20. The authors also 


showed that URA can be calculated with the Equa- 
tion 1, which will give a valid number for URA even 
if the PQ plot does not follow the ideal form as de- 
picted in Fig. 3 as long as Qmax and correspond- 
ing PdetQmax are known. 
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Fig. 2. The Abrams-Griffiths nomogram. The Y-axis is detrusor pressure at maximum urinary flow (PdetQmax) and 
the X-axis is maximum urinary flow (Qmax). (From Lim CS, Abrams P. The Abrams-Griffith nomogram. World J Urol 


1995;13:35; with permission.) 
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where Q is the flow rate, Pdet is detrusor pressure, 
Puo the urethral opening pressure, and d is a con- 
stant related to cross-sectional area, c, of the ure- 
thra (d 5 Puo?/c and has a value of 3.8 x 1074) 
Griffiths and colleagues!” noted that it is not 
easy to define a single urethral resistance param- 
eter universally applicable to all groups (adults 
and children) because of the difference in the 
causes and locations of obstruction among 
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different groups of patients. For instance, in men, 
the etiology of outlet obstruction is most 
commonly BPH, but in women, outlet obstruction 
is uncommon and, when present, is typically 
both iatrogenic in nature and located proximally. 
In children, obstructions tend to be distal, such 
as meatal stenosis, and the PQ plots tend to be 
constrictive in nature versus compressive in 
adults. Thus, URA derived for adults may not be 
valid in children. The authors concluded that 
URA is better used for a specific group of patients 
with similar etiology of obstruction, in this case 
BPH, although the above equation was also noted 
to be a close approximation for cases of 
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Fig. 3. Pressure/flow curves for various constant values of URA from 10 to 150 cm H20. The filled circle represents 
a moment of voiding when detrusor pressure is 100 cm H20, and the urine flow rate is 10 mL/s. This point lies on 
the curve for URA of 40 cm H20. (From Griffiths D, Mastrigt RV, Bosch R. Quantification of Urethral resistance and 
bladder function during voiding, with special reference to the effects of prostate size reduction on urethral 
obstruction due to benign prostatic hyperplasia. Neurourol Urodyn 1989;8:20; with permission.) 


obstruction in adult women.'’ The URA cutoff 
value for obstruction is 29 and greater. 

Lim and Abrams? showed that the AG number 
and URA correlate quite well in the diagnosis of 
obstruction caused by BPH as depicted in the 
scatter diagram in Fig. 4. The data for comparison 
were obtained by calculating both the AG number 
and URA for pre- and post-prostatectomy pres- 
sure-flow data in 85 patients with BPH. The Pear- 
son correlation coefficient for the 2 factors is 0.9, 
which is an indication of good agreement between 
the 2 methods of assessment. The correlation is 
much better at lower grades of obstruction and 
in the unobstructed zones. 


Passive Urethral Resistance Relation 


In deriving the passive urethral resistance relation 
(PURR) curve (Fig. 5), the flow dynamics in the ure- 
thra/bladder outlet were modeled as flow in a 
distensible and collapsible tube in a perfectly 
relaxed condition. Similar to modeling the URA 
as discussed above, flow is also initiated in this 
model once the urethral opening pressure, Puo, 
is reached. The PURR is fundamentally based on 
the concept of the urethral resistance relation 
(URR) proposed by Griffiths.” 1418-19 This concept 
suggests that flow is initiated when intrinsic 
bladder pressure equals intrinsic urethral pres- 
sure, and the rate of flow increases sharply with 
further increases in intrinsic bladder pressure. 
Thus, the curve obtained by plotting Pdet versus 
Q during the course of a micturition event repre- 
sents urethral resistance to flow, independent of 
detrusor function. 

In an ideal condition, once flow is initiated, the 
flow rate increases, and the maximum flow rate 
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is established in accordance with the maximum 
voiding pressure. Also, in this ideal condition, the 
outlet pressure near the end of voiding is same 
as that in the beginning. In addition to the Puo, 
the other critical parameter that governs the 
outflow condition in a perfectly relaxed bladder 
outlet is the effective cross-sectional area of the 
flow controlling zone, which, according to Scha- 
fer^19 is close to the genitourinary diaphragm. 
When there is an obstruction, however, the 
obstruction itself takes over the role of the flow 
controlling zone. Using these 2 parameters (ie, 
Puo reflecting the collapsible nature of the tube 
and, A, the effective cross sectional area) normal 
pressure/flow curves were fit to Equation 2 to 
obtain the PURR curve as shown in Fig. 6.19 
1 22 

Paet 5 Puo 1 c Q (2) 
where c 5 a constant 5 2A? 

Other inherent assumptions made in deriving 
this curve are that flow is steady through a con- 
stant cross-sectional area and that fluid viscosity 
and other energy losses are negligible. Based on 
the underlying model, PURR essentially describes 
the impact of a passive bladder outlet on voiding 
independent of bladder function. 

Schafer’ noted that the ideal PURR curve some- 
times deviated from normal PQ data in clinical 
voiding studies mainly because of variations in 
bladder outlet properties assumed to be constant 
in the ideal PURR. For instance, the opening pres- 
sure at the start of voiding tends to be higher than 
the pressure at the termination of voiding (recall 
that these were assumed to be the same in ideal 
situations). This deviation was noted to be related 
to the passive, viscoelastic relaxation of the outlet 


160 F - 
140 
a 4 4 3 
4 ee in 
100 }- el Ga 
aa : 
80 ` à r a à A 
A % y ms a 
a waa 
40 |- ap aw a E OEE EO ECEE EN 
20 r=0.9 
0 —) 
-50 100 150 200 250 
AG Number 


Fig. 4. Scatter diagram of AG number versus URA. The Pearson correlation coefficient for the 2 factors is 0.9, 
which denotes good correlation between AG number and URA. (From Lim CS, Abrams P. The Abrams-Griffith 


nomogram. World J Urol 1995;13:37; with permission.) 
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Fig. 5. The normal PURR, as described in men, defines 
the potential relationship between pressure and flow 
rate determined by the bladder outlet. Lines of con- 
stant power representative of detrusor strength 
appear as hyperbolae. (From Schafer W. The contribu- 
tion of the bladder outlet to the relation between 
pressure and flow rate during micturition. In: Hinman 
F Jr, Boyarsky S, editors. Benign prostatic hypertrophy. 
New York: Springer-Verlag; 1983. p. 480; with 
permission.) 


tissues during distension. In addition, contraction 
of external sphincter may actively change the 
outflow conditions by decreasing the effective 
cross-sectional area or increasing the opening 
pressure and as such lead to a deviation from 
the ideal. This is especially true in a case of severe 
dyssynergic or dysfunctional voiding in which the 
actual passive state of the outlet may not even 
be reached. 

The PURR curves for obstructive BPH and ure- 
thral stricture disease (see Fig. 6) have been 
described, and the review of PURR curves for 
these two scenarios of obstruction greatly facili- 
tates the understanding of the concepts of urethral 
opening pressure and the urethral flow-controlling 
zone (region of lowest cross-sectional area) as 
they relate to voiding. In obstruction caused by 
BPH, the PURR is described as compressive and 
is shifted to the right, reflecting the increased 
opening pressure required to initiate voiding as 
the major process. In other words, the urethral 
wall exhibits reduced distensibility in BPH 
compared with the normal condition and, as 
such, higher pressure is required to open the ure- 
thra and initiate urinary flow. Once flow starts, 
however, further increases in pressure result in in- 
creases in flow. In stricture disease, the curve is 
described as constrictive and appears flat. The 
flat nature is deemed to be related to the decrease 
in the effective cross-sectional area of the flow- 
controlling zone. In this scenario, increases in 


pressure fail to result in significant increases in 
flow because of the reduced urethral cross- 
sectional area. In general, the PURR by position 
and slope provides information about opening 
pressure, which is a reflection of the degree of 
compressive obstruction and the effective lumen 
size of the flow rate controlling zone, which is 
a measure of degree of constrictive 
obstruction. ^ 1929 


Linear Passive Urethral Resistance Relation 


The nomograms and the tools for analyzing mictu- 
rition described thus far focus on the assessment 
of the bladder outlet. The linear passive urethral 
resistance relation (LinPURR) fully integrates the 
function of the detrusor and bladder outlet in 
describing the dynamics of micturition. To this 
end, the LinPURR was derived as a modified 
version of the PURR with straight lines instead of 
parabolic curves. 1871 

Conceptually, the detrusor can be described as 
a source of mechanical power for voiding and the 
bladder outlet as the physical entity that dissipates 
this power in the form of flow rate and pressure 
during voiding.'® The detrusor power is propor- 
tional to the filling volume of the bladder or, more 
precisely, the prestretched length of the detrusor 
muscle. Additionally, both detrusor pressure and 
urinary flow rate are expressions of detrusor power 
that have an inverse relationship. In other words, 
for a certain power generated by detrusor, which 
is dissipated by the bladder outlet in the form of 
flow rate and pressure, a high flow rate implies a 
low pressure and vice versa, as the product of 
the two must necessarily be constant. Based on 
this concept, a series of hyperbolic curves repre- 
senting the contractile capabilities of the detrusor 
for certain activation are superimposed on para- 
bolic curves similar to PURR curves representing 
the specific outflow condition. 

A linearized version of detrusor strength was 
derived and superimposed on the linear PURR 
for a composite graph that can be used to analyze 
voiding in terms of integrated detrusor and outlet 
function. Specifically, the two critical parameters 
used to construct the linear PURR are the opening 
pressure, Puo, which, as described previously, is 
the lowest detrusor pressure at which flow starts 
or stops, and the pressure at maximum flow rate, 
PdetQmax. A straight line connecting these two 
points on a pressure flow graph represents a sim- 
ple linear PURR, from which specific characteriza- 
tion of the individual outflow conditions during a 
single voiding event can be obtained. Several 
such points are plotted and different grades of 
obstruction delineated based on an indirect 
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Fig. 6. (A) The compressive PURR, typically found in prostatic obstruction, is characterized by higher opening 
pressure without major changes in the slope. (B) The constrictive PURR results from a decrease in the effective 
cross-sectional area, as reflected in the flat shape, without an increase in the normal opening pressure. This is 
typical for anterior urethral strictures. Flow rate changes little with increased detrusor power after the initial 
steep increase. (C) Comparison of normal, constrictive, and compressive PURR: notice that the slope of normal 
PURR is similar to compressive PURR, although compressive PURR is shifted to the right, reflecting the increase 
in the opening pressure, Puo. Normal PURR and constrictive PURR have similar opening pressures, but the curve 
of constrictive PURR is flat, reflecting decrease in effective cross-sectional area of the urethral flow controlling 
zone. (From [A, B] Schafer W. The contribution of the bladder outlet to the relation between pressure and 
flow rate during micturition. In: Hinman F Jr, Boyarsky S, editors. Benign prostatic hypertrophy. New York: 
Springer-Verlag; 1983. p. 482, with permission; and [C] Blavais J. Multichannel urodynamics studies. Urology 


1984;23(5):425, with permission.) 


approach from computerized analysis of a data- 
base of more than 2000 voiding studies with the 
PURR, Fig. 7.18 

The LinPURR curve was divided into 7 zones 
(0-VI) corresponding to increasing grades of 
obstruction, that is, zones 0 to | (unobstructed), 
zone Il (equivocal or mild obstruction), and zones 
Ill to VI (more severe grades of obstruction). The 
borderlines for the grading schemes were defined 
based on the Puo. It was suggested'® that such a 
detailed grading scheme (7 zones) would provide 
more meaningful information in the assessment of 
minor changes in outflow conditions as may be 
expected in drug trials compared with simpler 
classification schemes. This can be viewed as 
both a strength and a drawback because of the 
greater complexity involved compared with other 
nomograms. 


Linear grading of detrusor strength or contrac- 
tility is also implemented. It is categorized as 
strong, normal, weak, and very weak. It was noted 
that grading of detrusor strength is less reproduc- 
ible compared with the outlet function in this 
model. '® 


The ICS Nomogram 


In 1995, Lim and Abrams? noted that patients were 
identically classified by the Abrams-Griffiths 
nomogram and the LinPURR when compared.* 
The Abrams-Griffiths nomogram and the Urethral 
Resistance Factor also showed about 94% agree- 
ment in classifying degree of obstruction.°'” It 
was noted that when the Abrams-Griffiths nomo- 
gram is superimposed on the LinPURR curve, 
the line separating the obstructed zone from 
equivocal zone in the Abrams-Griffiths nomogram 
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Fig. 7. LinPURR. Figure shows how a patient with grade 2 obstruction caused by BPH (17/18 pre-TURP on the 
graph), was reclassified to grade 0 (19/20) post-TURP. Notice the 7 zones for grading obstruction and the 4 zones 
for grading detrusor contraction. (From Schafer W. Principle and clinical application of advanced urodynamic 
analysis of voiding function. Urol Clin North Am 1990;17:563; with permission.) 


is equivalent to the line separating zone Il from 
zone Ill on the LinPURR, which represents ob- 
structed and slightly obstructed, respectively 
(Fig. 8). This observation is significant given the 
relative simplicity of the Abrams-Griffiths nomo- 
gram compared with the more complex LinPURR. 

Lim and Abrams proceeded to derive the AG 
number from the equation of the line dividing the 
obstructed from the equivocal range in the 
Abrams-Griffiths nomogram. The Equation 3 is 
represented as: 


AG number 5 Pdet@Qmax — 2(Qmax) (3) 


where 2 is the gradient or slope of this line 

This line intercepts the pressure axis of the 
Abrams-Griffiths nomogram at 40 cm H20. There- 
fore, points in the obstructed zone will have AG 
numbers greater than 40, whereas points in the 
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equivocal and unobstructed zones will have AG 
numbers less than 40. By applying the same prin- 
ciple to the line separating the equivocal from the 
unobstructed zone, they concluded that most pa- 
tients with AG number less than 15 are unob- 
structed, whereas those with AG numbers 15 to 
40 are equivocal (Fig. 9).° In 1997, the provisional 
ICS recommendations adopted the equation for 
the AG number as standard for use in men with 
LUTS suggestive of BPH and has since renamed 
it the Bladder Outlet Obstruction Index (BOOI). 
This subsequently became the basis for the ICS 
nomogram (Fig. 10), and the cut off values were 
established as follows: BOOI greater than 40, ob- 
structed; BOOI 20 to 40, equivocal; and BOOI 
less than 20, unobstructed. 

The ICS nomogram with BOOI is a useful tool for 
the evaluation of patients with suspected bladder 


Fig. 8. The LinPURR superimposed on 
the Abrams-Griffiths nomogram. The 
boundary between zones 2 and 3 of 
the LinPURR is the same as the bound- 
ary between the obstructed and equiv- 
ocal zone in the Abrams-Griffiths 
nomogram. (From Lim CS, Abrams P. 
The Abrams-Griffith nomogram. World 
J Urol 1995;13:38; with permission.) 
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Fig. 9. The AG number. AG greater than 40, obstructed; AG of 15 to 40, equivocal; AG less than 15, majority un- 
obstructed. (From Lim CS, Abrams P. The Abrams-Griffith nomogram. World J Urol 1995;13:36; with permission.) 


outlet obstruction, especially when it clearly indi- 
cates obstruction or no obstruction. However, 
when patients fall into the equivocal range on the 
ICS nomogram, frequently other sources of infor- 
mation such as clinical symptom severity and 
response to therapeutic interventions are required 
to assist in treatment decision making. 


PFS in Women 


Parameters from PFS have been used to establish 
acceptable nomograms for men as outlined 
above. However, these nomograms are not 
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applicable to women for several reasons. First, 
because of anatomic differences, the voiding dy- 
namics differ significantly between men and 
women. Women typically void at lower detrusor 
pressures than men. Some women are able to 
void to completion by simply relaxing the pelvic 
floor musculature while others augment voiding 
by abdominal straining (valsalva voiding).?>?S In 
addition, the nomograms in men were established 
by extensively studying men with BPH, which is a 
highly prevalent condition. There is no equivalent 
prevalent condition consistently causing bladder 
outlet obstruction in women as BPH does in 
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Fig. 10. The provisional ICS nomogram for the analysis of voiding. Patients are divided into 3 classes according to 
the BOOI (BOOI 5 PdetQmax - 2 Qmax). Obstructed (BOOI>40); Equivocal (BOOI 5 20-40); Unobstructed 
(BOOI<20). (From Griffiths D, Hofner K, van Magstrigt R, et al. Standardization of terminology of lower urinary 
tract function: pressure-flow studies of voiding, urethral resistance and urethral obstruction. Neurourol Urodyn 


1997;16:10; with permission.) 
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men. The estimated prevalence of bladder outlet 
obstruction in women ranges between 2.7% and 
23%.°* 8 Some of the known causes of obstruc- 
tion in women include dysfunctional voiding, pri- 
mary bladder neck obstruction, uterovaginal 
prolapse, and complications of incontinence sur- 
gery.*° Attempts have been made to establish a 
standard for the diagnosis of BOO in women, 
and all can be grouped into 1 of 3 categories: (1) 
pressure flow cutoff criteria, (2) videourodynamics, 
and (3) nomograms. Although differences exist in 
both sexes with regard to pressure flow parame- 
ters that define outlet obstruction, the concept of 
high pressure, low flow voiding as the fundamental 
definition of outlet obstruction remains the same. 

Pressure flow cutoff values of Qmax less than 11 
to 15 mL/sec and PdetQmax greater than 20 to 25 
have been established by several authors as diag- 
nostic of female BOO using different study popula- 
tions and control groups.°° °° Another cutoff 
criterion proposed by Cormier and colleagues** 
is the use of the area under the curve of detrusor 
pressure during voiding adjusted for voided vol- 
ume. They performed linear discriminant analysis 
using traditional classification (obstructed, equiv- 
ocal, and unobstructed) based on clinical evalua- 
tion and pressure flow study data. The area 
under the curve of detrusor pressure adjusted for 
volume (AUCdet/vol) of 5.83 cm water/sec/mL 
separated the obstructed from equivocal cases, 
whereas AUCdet/vol of 2.56 cm water/sec/mL 
separated the equivocal from unobstructed cases. 
The agreement between these cutoff values based 
on linear discriminant analysis using AUCdet/vol 
and traditional classification was noted to be 
86%, 36%, and 57% in cases of unobstructed, 
equivocal, and obstructed, respectively.°* 

Nitti and colleagues® utilized radiographic evi- 
dence of obstruction on videourodynamic evalua- 
tion to assist in the diagnosis of female BOO. Their 
work involved a retrospective chart review of 261 
women with nonneurogenic voiding dysfunction. 
They argued that obstruction may be missed in 
some women if strict criteria of high pressure low 
flow voiding are used, as women typically void at 
lower detrusor pressures than men. Patients 
were classified as obstructed if there was radio- 
graphic evidence of a closed or narrow bladder 
neck during voiding or a discrete area of narrowing 
in the urethra associated with proximal dilation in 
the presence of sustained detrusor contraction of 
any magnitude with reduced or delayed urinary 
flow rate. When urodynamic parameters were 
compared, the obstructed cases had significantly 
higher mean PdetQmax (42.8 vs 22.1 cm H20), 
lower mean Qmax (9 vs 20.2 mL/s), and higher 
mean postvoid residual (157 vs 33 mL) than 


unobstructed cases. However, there was a wide 
range of values for these parameters as reflected 
in the standard deviation.*° Given the wide range 
of values observed, the authors proposed that 
strict cutoff values defining obstruction would 
lack specificity. 

In 2000, Blavais and Groutz** and Mahfouz and 
colleagues,*° proposed a nomogram for defining 
bladder outlet obstruction by reviewing a urody- 
namics database of 600 women. In constructing 
the nomogram, they used two parameters: free 
Qmax (free flow or noninvasive flow rate) instead 
of Qmax (invasive or pressure flow study) and 
Pdetmax (maximum detrusor pressure during 
voiding) instead of PdetQmax (detrusor pressure 
at maximum flow). This was due to the difficulty 
in performing uroflowmetry in women with the 
catheter in place, as the presence of a catheter 
tends to affect the urinary flow rate. Pdetmax 
was preferred over PdetQmax because (1) they 
found no statistically significant difference be- 
tween the two and (2) PdetQmax cannot be 
plotted in cases of urinary retention because there 
is no measurable flow (despite the possible pres- 
ence of a detrusor contraction). The criteria for 
defining BOO included one or more of the 
following: (1) free Qmax <12 mL/s in repeated 
free flow studies combined with sustained detru- 
sor contraction and PdetQmax >20 cm H20 in 
pressure flow study; (2) obvious radiographic evi- 
dence of bladder outlet obstruction in the pres- 
ence of a sustained detrusor contraction of at 
least 20 cm H20; or (3) inability to void with tran- 
surethral catheter in place despite sustained de- 
trusor contraction of at least 20 cm H20. 

Using cluster analysis, three clusters of free 
Qmax/Pdetmax plot were identified (Fig. 11): (1) 
low pressure/high flow, (2) high pressure/low 
flow, and (3) low-to-intermediate pressure/flow 
values. The low-to-intermediate pressure/flow 
cluster was subdivided into two categories, and 
together with the other clusters, a 4-zone nomo- 
gram was developed (Fig. 12). Using this nomo- 
gram, the authors noted that all of the obstructed 
women were correctly classified as obstructed 
and further subclassified as mildly obstructed 
(68%), moderately obstructed (24%), and severely 
obstructed (8%). They found a positive correlation 
between subjective severity of symptoms (as- 
sessed by American Urological Association Symp- 
tom Score) and the nomogram zones. Of the 
patients classified as unobstructed, the nomo- 
gram correctly identified 80% as unobstructed, 
8% as mildly obstructed, and 12% on the border- 
line between no obstruction and mild obstruction. 

This nomogram is a helpful tool in the diagnosis 
of female obstruction, but because of the 
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Fig. 11. Distributions of free Qmax versus Pdetmax plot according to clinical diagnosis. (From Blavais JG, 
Groutz A. Bladder outlet obstruction nomogram for women with lower urinary tract symptomatology. Neurourol 


Urodyn 2000;19:559; with permission.) 


variability in female voiding dynamics, the diag- 
nosis of female BOO remains difficult and often in- 
volves consideration of clinical, urodynamic, and 
radiographic data to make the final assessment. 
Additionally, the outcomes for surgical intervention 
(eg, transurethral resection of the prostate or sim- 
ple open prostatectomy) to treat obstruction in 
men are linked to a urodynamic diagnosis of 
obstruction, °''°:'° whereas there is a lack of similar 
such evidence in women undergoing surgical 
intervention for obstruction (eg, urethrolysis).°° 


pdet.max (cm H20) 
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MEASURING DETRUSOR UNDERACTIVITY 


DU remains an understudied clinical condition, 
and the understanding of the pathophysiology, 
diagnosis, and treatment remains rudimentary as 
documented in the 2010 International Consultation 
on Incontinence Research Society meeting.°’ 
About 10% to 20% of men with low flow have 
DU***° yet a Medline search for publications be- 
tween the year 1980 and 2010 using the terms de- 
trusor underactivity and underactive bladder 
yielded only 93 and 80 publications, respectively, 


140| SEVERE OBSTRUCTION (3) 
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Free Qmax (mL/sec) 


Fig. 12. Bladder outlet obstruction nomogram for women. (From Blavais JG, Groutz A. Bladder outlet obstruction 
nomogram for women with lower urinary tract symptomatology. Neurourol Urodyn 2000;19:561; with 


permission.) 
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in the last 30 years.°’ This is in stark contrast to a 
similar search using the terms detrusor overactivity 
and overactive bladder, which yielded 1223 and 
2688 hits, respectively, within the same timeframe. 
Clearly, more emphasis has been placed on outlet 
function than bladder function during voiding. 

The pathophysiologic mechanism underlying 
DU secondary to long-standing BPH is believed 
to be owing to loss of detrusor muscle cells, 
collagen deposition, and axonal degeneration 
seen in the decompensation phase of the bladder 
in BOO caused by BPH.'*'~*° Other etiologies of 
DU include diabetes mellitus, neurologic problems 
involving the lumbosacral nerves, chronic UTI, and 
anticholinergic medications. 

The importance of proper diagnosis and distinc- 
tion between BOO and DU is underscored by the 
finding that surgical intervention geared toward 
relieving obstruction caused by BPH does not pro- 
vide lasting symptomatic relief of LUTS when the 
underlying etiology is in fact DU and not BOO.** 
In addition to the LinPURR discussed above, two 
other measures based on computer-urodynamic 
investigation and quantification of detrusor pres- 
sure during voiding have been suggested to quan- 
tify detrusor power or contractility. These are the 
(1) Griffiths Power (Watt) Factor and (2) the Bladder 
Contractility Index, which are discussed below. 


The Power (Watt) Factor 


Based on the concept of the Hill equation, which 
governs the fundamental relationship between 
the force of contraction and the speed of short- 
ening of a contracting muscle, the strength of de- 
trusor contraction may be expressed in terms of a 
combination of the detrusor pressure, flow rate, 
and bladder volume.'’*5 These parameters are 
used to calculate the Power (Watt) Factor, abbre- 
viated WF. This is considered representative of 
the mechanical power developed by the 


pdetOmax (cm H,O) 


Qmax (mL/s) 


contracting bladder or, alternatively, an estimate 
of the isovolumetric detrusor pressure that would 
develop if voiding were interrupted. The equations 
and derivation of the WF are beyond the scope of 
this report. 

WF varies during the entire course of voiding, 
and a representative value such as its maximum 
value (WFmax) or the value at maximum flow 
may be used to describe detrusor strength for a 
single micturition event. However, it remains 
controversial whether WFmax or value at 
maximum flow provides a better estimate of detru- 
sor strength for clinical application.°’ In addition, 
there is no widely accepted threshold value of 
WF for defining DU, although expert opinion sug- 
gests a WFmax of 7.0 W/m? may be used as a 
possible threshold.°” 


Bladder Contraction Index and the Composite 
Nomogram 


As previously noted in the LinPURR nomogram 
(see Fig. 7), bladder contractility can be catego- 
rized into 4 groups: strong, normal, weak, and 
very weak. The slope of the lines separating these 
categories is given by the formula in Equation 4. 
Because these lines are parallel to each other, 
they have the same slope.**° This formula 
describing the slope subsequently came to be 
known as the bladder contraction index (BCI). 


BCI5 Pdet Qmax1 5 Qmax (4) 


The intersections of these lines on the pressure 
axis of the LinPURR define the boundaries for the 
contractility groups; thus, BCI greater than 150 is 
considered strong contractility, 100 to 150 consti- 
tute normal contractility, and values less than 100 
are considered weak contractility (Fig. 13). Both 
BCI and BOOI can be calculated from the corre- 
sponding formulas (Equations 3 and 4) with or 
without nomograms and can be combined to 


Fig. 13. The Bladder contractility index 
(BCI) divides patients into 3 categories: 
strong (BCI>150), normal (BCI 5 100- 
150), and weak (BCI<100). (From 
Abrams P. Bladder outlet obstruction 
index, bladder contractility index and 
bladder voiding efficiency: three simple 
indices to define bladder voiding 
function. BJU Int 1999;84:15; with 
permission.) 


pdetQmax (cm H,0) 


Qmex (mL/s) 


categorize any group of men into 9 classes by 
combining the 3 obstruction categories and the 3 
contractility categories. The resulting spectrum of 
contractility and obstruction ranges from group 1 
(no obstruction and good contractility) to group 9 
(obstruction with weak contractility) (Fig. 14).° 
All the concepts for measuring and classifying 
detrusor underactivity were developed for adult 
men and not validated in women. It is also unclear 
whether they equally describe bladder power. No 
clear threshold values for defining detrusor under- 
activity have been established at this time. 


SUMMARY 


Clearly established pressure flow criteria exist for 
men that are useful in categorizing and assisting 
in decision making for male voiding dysfunction 
caused by obstruction. This report reviewed the 
various concepts and nomograms that ultimately 
contributed to the development of the ICS nomo- 
gram, which is widely used to evaluate male uri- 
nary obstruction. 

Similar pressure flow criteria have been devel- 
oped for diagnosing female urinary obstruction 
but are not as accurate or as widely accepted 
because of differences in the physiology of female 
voiding and the pathology of female urinary 
obstruction compared with male urinary obstruc- 
tion. Consequently, videourodynamics during 
pressure-flow study and consideration of clinical 
symptoms are typically used to assist in the final 
diagnosis of female bladder outlet obstruction. 

Because of a paucity of literature on detrusor 
underactivity in both men and women, detrusor 
underactivity remains a relatively poorly character- 
ized condition without clear objective diagnostic 
criteria. The modalities used to evaluate detrusor 
underactivity are the Power (Watt) Factor, the Lin- 
PURR nomogram, and the BCI Composite 


Pressure Flow Studies in Men and Women 


Fig. 14. A composite nomogram allow- 
ing categorization of patients into 9 
zones based on BOOI and BCI. For 
instance, zone 1 represents patients 
with strong contractility and no 
obstruction, whereas zone 9 represents 
patients with weak contractility and 
obstruction. (From Abrams P. Bladder 
outlet obstruction index, bladder 
contractility index and bladder voiding 
efficiency: three simple indices to 
define bladder voiding function. BJU 
Int 1999;84:15; with permission.) 


nomogram, all of which were developed to analyze 
male voiding dysfunction. Overall, further investi- 
gation is needed to establish acceptable urody- 
namic criteria for defining detrusor underactivity 
in men and women. 
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Robot-Assisted Radical Prostatectomy: Inching Toward Gold Standard 473 
Akshay Sood, Wooju Jeong, James O. Peabody, Ashok K. Hemal, and Mani Menon 


Robot-assisted radical prostatectomy (RARP) offers excellent and lasting oncologic 
control. Technical refinements in apical dissection, such as the retroapical approach 
of synchronous urethral transection, and adoption of real-time frozen section anal- 
ysis of the excised prostate during RARP have substantially reduced positive surgi- 
cal margin rates, particularly in high-risk disease patients. Furthermore, precision 
offered by the robotic platform and technical evolution of radical prostatectomy, 
including enhanced nerve sparing (veil), have led to improved potency and conti- 
nence outcomes as well as better safety profile in patients undergoing surgical ther- 
apy for prostate cancer. 


Robot-Assisted Laparoscopic Simple Anatomic Prostatectomy 485 


Manish N. Patel and Ashok K. Hemal 


Management options for men with symptomatic benign prostatic hyperplasia have 
increased in recent years. Surgery is recommended for patients who have renal insuf- 
ficiency secondary to benign prostatic hyperplasia (BPH), who have recurrent urinary 
tract infections, bladder stones or gross hematuria caused by BPH, and those who 
have lower urinary tract symptoms refractory to other therapies. Technology is 
improving, and the use of endoscopic techniques with lasers has gained popularity. 
The use of robotics overcomes the limitations of pure laparoscopy. Robotic assistance 
helps in quicker skills acquisition. This article describes techniques for robotic- 
assisted laparoscopic simple anatomic prostatectomy in a step-by-step manner. 


Best Evidence Regarding the Superiority or Inferiority of Robot-Assisted Radical 
Prostatectomy 493 


John B. Eifler and Michael S. Cookson 
Robotic-assisted laparoscopic radical prostatectomy (RALP) has enjoyed rapid adop- 
tion over the past decade without rigorous clinical studies demonstrating superior 
clinical outcomes over radical retropubic prostatectomy (RRP). This article reviews 


the literature comparing RALP and RRP with regard to oncologic, perioperative, and 
functional outcomes, summarizing evidence for and against the superiority of RALP. 


Robot-assisted Intracorporeal Urinary Diversion: Where Do We Stand in 2014? 503 
Syed Johar Raza, Mohammed Tawfeeq, Ali Al-Daghmin, and Khurshid A. Guru 


Radical cystectomy can only be considered as minimally invasive when both extir- 
pative and reconstructive part of the procedure are performed with an intracorporeal 
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approach. Robot-assisted radical cystectomy makes it possible to achieve this task, 
which seemed difficult with conventional laparoscopy. Intracorporeal urinary diver- 
sion (ICUD) is associated with better perioperative outcomes. Quality-of-life assess- 
ments and functional outcomes from continent ICUD are encouraging. Working in 
high-volumes center with mentored training can help robotic surgeons to learn the 
techniques of ICUD in conjunction with robot-assisted radical cystectomy. This 
article discusses the perioperative and functional outcomes of ICUD with a review 
of literature. 


Emerging Technologies to Improve Techniques and Outcomes of Robotic Partial 
Nephrectomy: Striving Toward the Pentafecta 


L. Spencer Krane and Ashok K. Hemal 


The technique of robotic partial nephrectomy continues to evolve, but the goals 
remain the same. Achievement of pentafecta outcomes is difficult to obtain; how- 
ever, surgeons should continue to strive for this standard of excellence. The future 
continues to be bright for patients and surgeons alike in continuing to perform 
robot-assisted partial nephrectomy. 


Robot-Assisted Surgery for the Treatment of Upper Urinary Tract Urothelial Carcinoma 


Susan Marshall and Michael Stifelman 


Robot-assisted laparoscopic surgery is increasingly used in urologic oncologic sur- 
gery. Robotic nephroureterectomy is still a relatively new technique. As upper tract 
urothelial carcinoma is a rare disease, intermediate- and long-term outcome data 
are scarce. However, robotic nephroureterectomy does seem to offer advantages 
to open and laparoscopic counterparts, with comparable short-term oncologic 
and functional outcomes. Here the authors review the robotic surgical management 
of upper tract urothelial carcinoma, with a review of the steps and tips on making this 
approach more widely adoptable. 


Robot-Assisted Adrenalectomy (Total, Partial, & Metastasectomy) 
Mark W. Ball and Mohamad E. Allaf 


Robotic-assisted adrenalectomy is an increasingly used intervention for patients 
with a variety of surgical adrenal lesions, including adenomas, aldosteronomas, 
pheochromocytomas, and metastases to the adrenal gland. Compared with tradi- 
tional laparoscopy, robotic adrenalectomy has comparable perioperative outcomes 
and is associated with improved hospital length of stay and blood loss, though it 
does come at a cost premium. Emerging literature also supports a role for robotics 
in partial adrenalectomy and metastasectomy. Ultimately, well-conducted prospec- 
tive trials are needed to fully define the role of robotics in the surgical management of 
adrenal disease. 


Robotic-assisted Sacrocolpopexy for Pelvic Organ Prolapse 


Wesley M. White, Ryan B. Pickens, Robert F. Elder, and Farzeen Firoozi 


The demand for surgical correction of pelvic organ prolapse is expected to grow 
as the aging population remains active and focused on quality of life. Definitive 
correction of pelvic organ prolapse can be accomplished through both vaginal 
and abdominal approaches. This article provides a contemporary reference source 
that specifically addresses the historical framework, diagnostic algorithm, and 
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therapeutic options for the treatment of female pelvic organ prolapse. Particular 
emphasis is placed on the role and technique of abdominal-based reconstruction 
using robotic technology and the evolving controversy regarding the use of synthetic 
vaginal mesh. 


Robot-Assisted Microsurgery in Male Infertility and Andrology 559 
Ahmet Gudeloglu, Jamin V. Brahmbhatt, and Sijo J. Parekattil 


Use of the operative microscope marked a new era for microsurgery in male infertility 
and andrology in the 1970s. More than a decade has passed since the initial descrip- 
tion of the first robotic-assisted microsurgical vasovasostomy. Large single-center 
series have recently been published on robotic-assisted microsurgery for vasec- 
tomy reversal, especially in the past few years. Multicenter studies are also begin- 
ning to be reported, and the potential for this new platform for microsurgery is 
starting to become more apparent. This article describes the basic technical details 
of robotic-assisted microsurgery in male infertility and andrology, and reviews the 
latest literature. 


Image-Guided Surgery and Emerging Molecular Imaging: Advances to Complement 
Minimally Invasive Surgery 567 


Christopher R. Mitchell and S. Duke Herrell 


Recent technologic advances have ushered in an era of surgery with a focus on 
development of minimally invasive surgical techniques. Specifically, robotic plat- 
forms, with robotic-assisted instrumentation, have helped overcome previous bar- 
riers to widespread adoption of laparoscopic surgery. Along these lines, image 
guidance will soon be incorporated into many laparoscopic/robotic procedures to 
improve surgeon ease, accuracy, and comfort with these complex operations. 
Thus, we explore recent advances in image-guided surgery and emerging molecular 
imaging technologies for minimally invasive urologic surgery. 


Training in Robotic Surgery: Simulators, Surgery, and Credentialing 581 


Clinton D. Bahler and Chandru P. Sundaram 


The use of robot-assisted laparoscopic surgery has increased rapidly and with it, 
the need to better define a structured curriculum and credentialing process. 
Numerous efforts have been made by surgical societies to define the requisite 
skills for robotic surgeons, but individual institutions have the responsibility for 
granting privileges. Recently, efforts have focused on creating a standardized cur- 
riculum with competency-based assessments. A competency-based approach 
offers a better hope of honoring the principle of “above all, do no harm” and 
obtaining continued acceptance of new operative technologies such as robot- 
assisted surgery. 


Economics of Robotic Surgery: Does It Make Sense and for Whom? 591 


Stephen B. Williams, Kris Prado, and Jim C. Hu 


The authors performed a literature review to identify cost-effectiveness research as 
it pertains to robotic surgery. There is increased utilization of robotic surgery in urol- 
ogy with limited comparative effectiveness research demonstrating superiority over 
conventional, less costly treatment options. Further research into identifying deter- 
minants for optimal utilization of robotics and newer technology is needed. 
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Models of Assessment of Comparative Outcomes of Robot-Assisted Surgery: Best 
Evidence Regarding the Superiority or Inferiority of Robot-Assisted Radical 
Prostatectomy 


Giorgio Gandaglia and Quoc-Dien Trinh 


Index 


The widespread dissemination of robot-assisted radical prostatectomy (RARP) 
occurred despite the absence of high-level evidence supporting its safety and 
efficacy in patients with clinically localized prostate cancer. This study aims at sys- 
tematically evaluating the models adopted in scientific reports assessing the 
comparative effectiveness of RARP versus open radical prostatectomy (ORP). 
Although several retrospective observational studies have assessed the compara- 
tive effectiveness of RARP and ORP, currently no published randomized data are 
available to comprehensively evaluate this issue. Furthermore, well-designed pro- 
spective investigations are needed to ultimately assess the benefits of RARP 
compared with other treatment modalities in patients with clinically localized pros- 
tate cancer. 
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KEY POINTS 


e Surgical management of clinically localized prostate cancer leads to superior survival when 


compared with observation or radiotherapy. 


e Robot-assisted radical prostatectomy (RARP) has become the modality of choice for surgical man- 
agement of prostate cancer and has evolved dramatically since its inception in the early 2000s. 

e RARP offers excellent and lasting oncologic control. 

e Technical refinements in apical dissection, such as the retroapical approach of synchronous urethral 
transection, and adoption of real-time frozen section analysis of the excised prostate during RARP, 
have substantially reduced positive surgical margin rates, particularly in high-risk disease patients. 

e Precision offered by the robotic platform and technical evolution of radical prostatectomy, including 
enhanced nerve sparing (veil and superveil), have led to improved potency and continence out- 
comes as well as better safety profile in patients undergoing surgical therapy for prostate cancer. 


INTRODUCTION 


Prostate cancer (PCa) remains the most common 
internal organ malignancy and the second leading 
cause of cancer-related death in men in the United 
States.' Most cases of PCa are clinically localized 
at the time of diagnosis** and potentially curable 
by an array of therapeutic modalities, with the 
major options being (Fig. 1)*: 


1. Observation (active surveillance and watchful 
waiting) 

2. Radiotherapy (intensity-modulated radiation 
therapy and external beam radiotherapy) 

3. Surgery (radical prostatectomy [RP]) 


Disclosures: none. 
Conflicts of interest: none. 


Each modality has its benefits and limitations, 
although current evidence suggests RP to be the 
most effective of these modalities. RP leads to better 
overall and cancer-specific survival when compared 
with observation’? or radiotherapy alone® © across all 
PCa risk groups (D’Amico), with patients with high- 
risk disease benefitting the most.°® 

RP can be performed via an open approach or a 
laparoscopic approach with or without robotic 
assistance. In recent years, there has been a 
remarkable increase in the use of robot-assisted 
RP (RARP). In 2001, less than 0.3% of all RPs 
were performed robotically; however, by 2011, 
61% to 80% of all RPs in the United States were 
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Fig. 1. Major options for treatment of localized PCa. 


(Data from SEER-MEDICARE (2004-2009). Available 
at: http://seer.cancer.gov/. Accessed July 17, 2014.) 


being performed with robotic assistance.®™ 1° Recent 
population-based reports and meta-analyses, 
constituting level 2a evidence,®''~'° have shown 
that RARP compares favorably with open RP 
(ORP) in terms of perioperative outcomes, perioper- 
ative complications, and functional (continence and 
potency) results. In terms of oncologic outcomes, 
whereas the few large retrospective series of 
RARP have reported equivalent outcomes, '*'® 
there is a paucity of long-term definitive data. '” 

In this review, the various technical advances 
are discussed that have been made in RARP since 
its inception, leading to increasingly better onco- 
logic, functional, and safety outcomes in patients 
undergoing RARP for management of PCa. 


HISTORICAL PERSPECTIVE 


Minimally invasive surgery (MIS) began in 1987 
with laparoscopic cholecystectomy.'® Laparo- 
scopic RP (LRP) was first performed by Schuess- 
ler and colleagues’? in 1991, and further 
developed and pioneered by Guillonneau and Val- 
lancien,”° subsequently. The strengths and weak- 
nesses of the MIS approach became apparent 
quickly. The strengths included smaller incision, 
less surgical site infection, blood loss, and postop- 
erative pain, shorter hospital stay and convales- 
cence period, and better cosmesis. On the other 
hand, the weaknesses included loss of haptic 
feedback, natural hand-eye coordination, and 
dexterity. These limitations made delicate dissec- 
tions and anastomoses difficult, if not im- 
possible.*' Robotic surgery was developed to 
overcome these limitations of minimally invasive 
laparoscopic surgery and to enhance the capabil- 
ities of surgeons performing open surgery. 

RARP was first reported by Abbou and col- 
leagues** in 2000. RARP has since been refined 
and popularized by Menon and colleagues'? as a 


minimally invasive technique, with vastly improved 
ergonomics, superior outcomes, and shorter 
learning curve relative to LRP. Robotics has since 
permeated and found its application in many 
oncologic,**** nononcologic,2°*° and pediat- 
ric*’-° urologic procedures, and, more recently, 
in kidney transplantation.°° °° 


INDICATIONS AND CONTRAINDICATIONS 


Indications are same as those for ORP. Patients 
with locally advanced disease (T3-T4 disease) 
with or without nodal metastasis (N1) may be 
considered as part of a multimodal/multidisci- 
plinary management strategy and constitute a 
highly selected group. Relative contraindications 
include chronic obstructive pulmonary disease 
and abnormalities of cardiac function caused by 
difficulties in ventilation, which may occur in pa- 
tients undergoing RARP as a result of exposure 
to pneumoperitoneum and steep Trendelenberg 
position. Previous abdominal/pelvic surgery may 
also present difficulties but is not a contraindica- 
tion; a careful laparoscopic review and adhesioly- 
sis at the time of port placement are helpful in 
avoiding delays and complications later during 
the procedure. Patient factors, such as morbid 
obesity, narrow pelvis, large prostate, large me- 
dian lobe, or surgery in the salvage setting, in- 
crease the complexity of RARP, and hence, 
should be reserved for experienced surgeons.°* 


TECHNICAL ADVANCEMENTS IN CANCER 
CONTROL 


The most important outcome to assess in patients 
undergoing RP is cancer control. Survival statistics 
and biochemical recurrence rates are the critical 
indicators of oncologic control, but all of these 
require long-term follow-up to assess and can be 
subject to significant reporting and interpretational 
biases. '° Positive surgical margin (PSM) rate thus 
remains an early oncologic outcome measure of 
importance when evaluating surgical therapy. 

In mature RARP series, overall PSM rates have 
ranged between 9% and 19%, depending on the 
patient and surgeon characteristics. In our patients, 
undergoing the Vattikuti Institute Prostatectomy 
(VIP) technique°*°’ of RARP, we have previously 
shown a PSM rate of 13% and 35% in patients 
with pT2 and pT3 disease, respectively.°° The 
most common locations for PSMs during RARP 
are posterolateral and apical, but location and 
number do not seem to affect survival.°° However, 
an extensive PSM does seem to affect the prog- 
nosis adversely.*° Various technical modifications 
and tailoring the nerve sparing according to the 
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disease severity have been shown to improve can- 
cer control during RARP. The major technical mod- 
ifications are listed in Fig. 2 and are discussed later. 


Apical Dissection 


Meticulous dissection of the prostatic apex is one 
of the most challenging steps of RP, for multiple 
reasons. First, the apex is in a relatively inacces- 
sible location, deep beneath the pubic arch and 
surrounded with vital structures such as the 
dorsal venous complex (DVC), converging erectile 
neurovascular bundles, rectum, and urethral 
sphincter.°° Second, the apex lacks the distinct 
prostatic capsule and periprostatic tissue that sur- 
rounds the posterolateral prostate, making the ac- 
curate planes of dissection in this area difficult to 
find. Third, the anatomy of the apex is highly vari- 
able from individual to individual, with some glands 
harboring a distal beak of apical tissue protruding 
posterior to the urethra (also known as a posterior 
apical notch). This hidden posterior extension 
might be violated during surgery, especially if the 
dissection is carried out in a plane perpendicular 
to the longitudinal axis of the urethra.°° 
Therefore, to optimize the cancer control (as 
well as urinary and potency outcomes), surgeons 
have sought ways to optimally dissect the apical 
tissue. For example, to prevent the DVC or pubo- 
prostatic ligaments from obstructing the view, 
Tewari and colleagues*' used a 30° upward- 
looking lens combined with cephalad retraction 
of the prostate (by an assistant) to approach 
the transition of the apex into the membranous 
urethra from the posterior undersurface of the 
prostate rather than the conventional anterior 


approach.°° This novel retroapical technique 
decreased the investigators’ PSM rates from 
4.4% to 1.4%. Other proposed modifications 
include upfront cold transection of the DVC facil- 
itated by increased pneumoperitoneum and its 
subsequent ligation.*?:4° 


Degree of Nerve Sparing Versus Cancer 
Control 


Before deciding how wide to dissect the neurovas- 
cular bundles, the surgeon must take into consid- 
eration the clinical patient data, including prostate 
biopsy findings, prostate-specific antigen levels, 
digital rectal examination findings, patient age, 
preoperative sexual function, and patient expecta- 
tions, because different levels of nerve sparing can 
be considered based on these factors, and 
accordingly, different planes of dissection can be 
entered. Nerve sparing is not an all or none phe- 
nomenon, as it was believed to be. 

Tewari and colleagues** suggested using the 
periprostatic veins as an anatomic landmark to 
differentiate among the various fascial compart- 
ments. Depending on the preoperative clinical 
characteristics and how the extent of the tumor at 
base is appreciated, the surgeon may choose to 
carry out the dissection in 1 of the 3 periprostatic 
anatomic planes: in an intrafascial plane (complete 
nerve sparing as ascertained by the view of glis- 
tening prostate), an interfascial plane (partial nerve 
sparing confirmed by a whitish coloration of the 
prostate), or an extrafascial plane (non-nerve 
sparing determined by fatty tissue seen on the 
prostate).°° These investigators showed a decline 
in PSM rate from 2.1% to 1% by adoption of 


TIMELINE: MAJOR TECHNICAL MODIFICATIONS INONCOLOGICAL CONTROL 


= Vattikuti Institute Prostatectomy (VIP) approach to RARP described by Menon etal. 


= Intraoperative Frozen Section analysis during RARP 
leads to better oncological control 

* Retro-apical technique of synchronousurethral 

transection lead to better apical PSM rates 


2002 YEAR 2010 2013 
MODIFICATION YEAR GROUP OUTCOME 
] Retro-apical technique of synchronous RNN rs = = Decrease in apical positive surgical margin (PSM) rates from 4.4% to 1.4%, without any compromise in j 
9 2010 Tewari et al. à 

urethral transection potency and continence outcomes. 

Intraoperative Frozen Section analysis 2013 Kénca In high-risk disease (pT3) patients, the PSM rates decreased from 43% to 17% (P = .05), without any 
during RARP geta. compromise in potency and continence outcomes. No increase in operative time. 

2013 Beyer et al. In all comers, the PSM rates decreased from 24% to 16% (P = .003). Significant improvement in nerve 


sparing rates was also noted, increasing from 81% to 97% (P = .001). No increase in operative time. 


Fig. 2. Timeline: technical modifications in oncologic control. (Data from Refs. 


41,45,46) 
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these visual cues, despite an increase in risk 
categorization of the patients operated. 


Intraoperative Frozen Section Analysis 


Techniques for extracting prostate intraoperatively 
during RARP have recently been described by our 
group and Beyer and colleagues*°:*° These tech- 
niques are aimed at increasing the certainty of 
adequate excision of the tumor by allowing perfor- 
mance of real-time bimanual examination and 
frozen section histopathology of the excised pros- 
tate specimen, especially in patients with aggres- 
sive high-risk disease. 

In our technique a GelPOINT device (Applied 
Medical, Rancho Santa Margarita, CA) is used, 
which allows for rapid specimen extraction without 
compromising the pneumoperitoneum. The Gel- 
POINT access portis inserted in the periumbilical re- 
gion through a 4-cm to 5-cm vertical incision. The 
GelSeal cap, prepared with a 12-mm camera port 
and a 10-mm assistant port preplaced through it, 
is secured on top of the access port. Cruciate stab 
incisions around the 10-mm port on the GelSeal 
cap are made to facilitate the retrieval of the spec- 
imen. Other ports are placed and the patient is put 
in a 30° Trendelenberg, as previously described.°° 
After excision of the prostate, the specimen is 
retrieved through the stab incision in the GelSeal 
cap without dedocking the robot, and a bimanual 
examination is performed on table by the surgeon. 
Frozen section biopsies are obtained from areas 
suspicious for PSM and after being carefully marked 
for anatomic orientation are sent for pathology. Bi- 
opsies positive or suspicious for cancer result in 
more tissue being removed from the corresponding 
pelvic bed region, which is labeled and sent for per- 
manent sections. Beyer and colleagues, developing 
on their technique of NeuroSAFE for ORP,*’ also 
recently described a similar technique for RARP.*° 
In contrast with our technique, in the NeuroSAFE 
technique, the prostate is systematically sectioned 
in a circumferential manner (rather than targeted bi- 
opsies as we do) and the sections are sent for frozen 
section analysis. Both these studies showed a dra- 
matic reduction in PSMs by performing intraopera- 
tive frozen biopsies, without an increase in the 
operative time or blood loss. Beyer and colleagues 
found that the overall PSM rate decreased from 
24% to 16% (P = .003) by adopting the NeuroSAFE 
technique, and we found that the PSM rates (in pa- 
tients with pT3 disease) decreased from 43% to 
17% (P = .05). Beyer and colleagues also showed 
that in addition to decreasing the PSM rates, the 
NeuroSAFE technique also improved the nerve 
sparing rates in the setting of both organ-confined 
and locally advanced disease. 


TECHNICAL ADVANCEMENTS IN URINARY 
CONTINENCE 


Oncologic outcomes achieved with RARP and 
ORP have been excellent and equivalent, and 
hence, the focus of innovation has increasingly 
been on the preservation of quality of life (QOL). 
Urinary control after RP has the greatest impact 
on a patient’s QOL*®*° and accordingly, maintain- 
ing optimal urinary function after RP takes prece- 
dence among outcomes, given ideal control of 
cancer. As a result, several surgical modifications 
in technique have been attempted to achieve early 
return and improve overall continence rates. 

Fig. 3 summarizes the various technical modifi- 
cations and advances that have been made in this 
regard, and their impact on continence outcomes. 
Many of these modifications were developed in the 
ORP model, but because the surgical principles 
underlying continence preservation are consistent 
irrespective of the approach, these modifications 
were readily adapted for robotic surgery. These 
modifications are detailed later. 


Bladder Neck Preservation 


As understanding of the continence anatomy and 
mechanism evolved, the usefulness of bladder 
neck preservation was shown.°° Gaker and Steel?! 
and Deliveliotis and colleagues°* both reported 
that precise dissection of the prostatovesical junc- 
tion and preservation of the circular muscle fibers 
of the bladder neck lead to early return of conti- 
nence, although overall continence rates remained 
unchanged. Similar results have been reported by 
other groups as well.°°:54 


Periurethral Suspension 


Many investigators have shown the usefulness of 
periurethral suspension after DVC ligation. 
Different approaches have been described. Patel 
and colleagues,®™ using their technique of DVC 
suspension, showed earlier return of continence 
as well as higher continence rates at 3 months. 
Similarly, Campenni and colleagues,°° using their 
technique of pubourethral suspension, Noguchi 
and colleagues,°’ using their approach of vesi- 
courethral anastomosis suspension, and Jorion,°° 
using their technique of fascial sling suspension, 
also reported significantly improvement in conti- 
nence outcomes. However, the latter modification 
also increased the risk of urinary retention. We do 
not perform this step routinely, because we have 
noted no additional improvement in urinary control 
by performing periurethral suspension in addition 
to our routine nerve sparing VIP technique. 
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TIMELINE: MAJOR TECHNICAL MODIFICATIONS IN CONTINENCE CONTROL 


» Vattikuti Institute Prostatectomy (VIP) approach to RARP described by Menon etal. 


= Barb suture shown to decrease UV anastomosis time 
and subsequently shown to be cost effective as well 


= Technique of periurethral suspension shown to improve time to continence 
= Intraoperative regional pelvic cooling during RARP shown to decrease median time 


to continence 


= Suprapubic catheter placement shown to reduce catheter related bother 


= Posterior and anterior reconstruction techniques described in 


RARPand shown to 
demonstrates no a 


rove early return of conti 
nal benefit of total reconstruction. 


nce. ARCT 


2002 YEAR 
MODIFICATION YEAR GROUP 
Periurethral suspension 2009 Patel et al. 
This completely 
Retzius-sparing approach of RARP 2013 Galfano et al. 
techniques. 
Periurethral reconstruction 
Posterior reconstruction 2008 Nguyen et al. 
2011 Coelho et al. 


2008 2009 


OUTCOME 


Suspension stitch during RARP leads to improved continence at 3 months. 


intrafascial technique of RARP yielded high continence rates — 96% at 1 year. Further 


studies needed to establish non-inferiority/superiority of this technique over conventional RARP 


Improvement in rates of early continence (56% vs. 17% at 6 weeks) 


Improvement in rates of early continence (43% vs. 51% at 4 weeks), but no difference in 3/6 month 


continence rates. 


2011 Sutherland et al. 


In this Phase-Il RCT, the authors found no difference in continence rates at 3 months in patients with 


and without posterior reconstruction. Limitation of this study was small sample size. 


Decrease in median time to continence. 


In this 2-group RCT, the authors found no difference in continence rates in patients with and without 


total reconstruction (both anterior and posterior). 


Anterior reconstruction 2007 Tewari et al. 
Total reconstruction 2008 Menon et al. 
2010 Sammon et al. 
Intraoperative regional cooling during á 
RARP 2009 Finley et al. 
Barbed suture utilization for UV 2011 Sammonet al’ 
anastomosis outcomes. 
Suprapubic catheter placement 2009 Krane et al. madication. 
2012 Orikasa et al. 
2014 Prasad et al. 


Single or double layer anastomosis did not correlate to urinary outcomes at 2 years. 


Regional pelvic cooling during RRP was associated with early return of continence. Longer and deeper 
cooling improved continence. 


UV anastomosis using V-loc suture showed a decrease in anastomotic time without change in 


Significant decrease in catheter related patient discomfort and utilization of anti-cholinergic 


Improved early quality of life in patients undergoing suprapubic catheter placement. 


In this RCT, the authors found no difference in pain and catheter related bother in patients who 


underwent suprapubic vs. Foley catheter placement. 


Fig. 3. Technical modifications in continence control. (Data from Refs. 


Puboprostatic Ligament Sparing 


It has been hypothesized that preservation of the 
puboprostatic fibromuscular tissue would pro- 
vide anterior support to the urethra, leading to 
better urinary control.°° Studies by Poore and 
colleagues®° and Avant and colleagues®' re- 
ported that preservation of pupoprostatic liga- 
ments facilitated an earlier median return to 
continence when compared with standard ORP. 
On the contrary, Deliveliotis and colleagues®* 
showed that there was no short-term continence 
benefit in adding pupoprostatic ligaments pres- 
ervation to bladder neck sparing. This concept 
has been translated into Retzius-sparing RARP 
by Galfano and colleagues®*:°* and Rha and col- 
leagues®* Conventional RARP technique for 
bladder neck dissection, nerve sparing, and api- 
cal dissection use an anterior approach, but 
these investigators have suggested a posterior 
approach without the need for dropping down 
the bladder. Galfano and colleagues claimed 


55,63,68-70,72,83,84,87-89,110,11 1) 


that this technique showed better outcomes in 
early continence rate, compared with the pub- 
lished data. However, this technique is still in 
its infancy, and there is lack of high-level evi- 
dence to support the superiority of this technique 
over the conventional approaches. 


Periurethral Reconstruction Techniques 


Great interest has been paid to periurethral recon- 


structive techniques: both posterior musculofas- 
cial plate and anterior puboprostatic collar repair. 
The posterior repair technique, using a 2-stitch 
posterior rhabdosphincter reconstruction before 
urethrovesical anastomosis, was first proposed 
by Klein? and Rocco and colleagues®*®’ and re- 
ported dramatic success in improving early conti- 
nence in both ORP and LRP settings. Continence 
rates at 1 month improved from 30% to 79% for 
ORP and from 32% to 84% for LRP. These results 
have been replicated in the setting of RARP by 
Nguyen and colleagues, who showed that the 
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continence rates improved from 17% to 56% at 
6 weeks. Coelho and colleagues®° also reported 
early return of continence in patients undergoing 
posterior reconstruction during RARP (42.7% vs 
51.6% at 4 weeks), but no difference in continence 
rates was observed at 3 and 6 months. Tewari and 
colleagues’° developed a technique for pres- 
ervation of the anterior puboprostatic collar, with 
1-week and 6-week continence rates of 29% and 
62%, respectively; subsequently, a complete ves- 
icourethral repair technique was developed, 
yielding 1-week and 6-week continence rates of 
38% and 83%.’' Our own experience, in a ran- 
domized control trial setting, ”? showed that recon- 
struction of periprostatic tissue (both anterior and 
posterior) provided no added benefit in early return 
to continence (80% vs 74% at 30 days; P>.1). The 
lack of improvement noted in the patients under- 
going complete periurethral repair was probably 
because of the excellent continence outcomes 
already achieved by the patients in the control 
group secondary to precise nerve sparing, urethral 
length preservation, and bladder neck sparing. 
Despite this finding, we do continue to perform a 
posterior musculofascial repair before ultraviolet 
anastomosis. 


Preservation of Urethral Length 


Multiple studies have reported the importance of 
preserving membranous urethral length for 
optimal urinary continence.’*:’* Coakley and col- 
leagues” and Nguyen and colleagues,’° using 
preoperative magnetic resonance imaging, re- 
ported that the membranous urethral length was 
directly related with continence outcomes after 
RP. However, the challenge lies in precisely iden- 
tifying the junction between the prostatic apex 
and the proximal membranous urethra.” The 
improved visualization of the robotic interface is 
implicitly beneficial in pursuit of this goal. van Ran- 
denborgh and colleagues” suggested a tech- 
nique of craniodorsal retraction of prostate for 
maximal preservation of urethral length. They re- 
ported significant improvement in continence 
(89% vs 76%; P<.05). 


Creating a Watertight Anastomosis 


Urine extravasation secondary to poor vesicoure- 
thral anastomosis has been shown to lead to local 
inflammation followed by fibrosis and scarring of 
the vesicourethral junction.’°°° Van Velthoven 
described a simple, running, laparoscopic tech- 
nique for accomplishing a watertight vesicoure- 
thral anastomosis. This technique is easily 
transferrable and reproducible in the robotic 


environment and has been described by our group 
in detail previously.°° 


Locoregional Pelvic Hypothermia 


Controlled hypothermia is a well-established tech- 
nique that has been used to limit the inflammatory 
cascade common to all surgical procedures.°'~°° 
Finley and colleagues** were the first to use, and 
show the benefits of, regional cooling during 
RARP. These investigators used an endorectal 
cooling balloon system, which was continuously 
irrigated with ice-cold saline at 4°C to maintain 
effective regional hypothermia throughout the pro- 
cedure. With this technical modification, the inves- 
tigators noted a significant decrease in the time to 
continence (median 39 days vs median 59 days; 
P = .002) as well as improved overall continence 
rates at 3 months (86.8% vs 68.6%). This 
technique might aid in improving the potency out- 
comes as well, because the underlying physiologic 
principles used are consistent with the athermal 
technique of cavernosal nerve sparing (see later 
discussion). 


Barbed Suture 


Sammon and colleagues®° performed a random- 
ized control trial showing the usefulness of barbed 
sutures in decreasing the time for urethrovesical 
anastomosis (26.8% reduction) and posterior 
reconstruction (23.3% reduction). V-Loc (Covi- 
dien, Mansfield, MA, USA) barbed sutures were 
used, and knots were not required because of 
the autolocking properties of the suture. These in- 
vestigators found no difference in leaks, bladder 
neck contractures, patient symptoms, or other 
outcome measures.°° Subsequently, it has been 
shown to be a cost-effective approach as well.°° 


Suprapubic Catheter 


Traditionally with ORP, the bladder had been drained 
via urethral catheter for a finite period (2-3 weeks) to 
maintain urethral patency.” Despite this precaution, 
bladder neck contracture rates ranged from 5% to 
32%.°° With the advent of running anastomosis 
and the improved visualization of mucosal suturing 
offered by the robotic platform, postoperative 
bladder neck contracture rates were reduced to 
0% to 3%, questioning the role of urethral catheter 
in urethral patency after RARP.°° Further, the desire 
by both patient and surgeon for early catheter 
removal, or perhaps to obviate urethral stenting alto- 
gether, led us to introduce the suprapubic catheter 
as an alternative to the urethral catheter. We found 
that the continence and stricture rates were similar 
between this group and historical controls, with sig- 
nificant reduction in catheter-related discomfort 
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postoperatively.°°.°° Results from other groups have 
been mixed, with some mirroring our results,°° 
whereas others have reported no benefit.?' In a sub- 
sequent study, we showed that the use of a suprapu- 
bic catheter (instead of the urethral catheter) was 
also associated with an early return of urinary conti- 
nence.°* Tewari and colleagues®® looked at a 
custom suprapubic catheter with a small bladder 
neck anastomotic splint, which could be retracted. 
This pilot study also reported earlier return of conti- 
nence and decreased patient discomfort. 


TECHNICAL ADVANCEMENTS IN POTENCY 
PRESERVATION 


Before the description of the nerve sparing tech- 
nique of RP by Walsh in 1983,° as in the case of uri- 
nary control, patients undergoing RP fared poorly in 
terms of sexual function preservation as well. 

Building on the nerve sparing technique described 
by Walsh and contemporary advances in un- 
derstanding of the neuroanatomy of the prostatic 
plexus, coupled with the inherent precision of the ro- 
botic platform, various technical modifications in 
RARP over the years have led to dramatic improve- 
ment in potency outcomes. The major technical 
modifications are summarized in Fig. 4 and are dis- 
cussed later. 


Hammock Concept and the Veil of Aphrodite 


The VIP approach of RARP was first described in 
2002 by Menon and colleagues,°° followed by 
several refinements and technical modifications, 
leading to its present description.°°°’ Among 
these refinements are the development and pres- 
ervation of the lateral prostatic fascia (ie, veil 
of Aphrodite).°° This refinement involves high 


anterior release of the curtain of cavernosal neural 
tissue extending along the posterolateral aspects 
of the prostate bilaterally, up to the fibrous stroma 
of the dorsal vein complex (ie, sparing of the neu- 
ral tissue between 1’0 clock and 11’o clock).°°:*° 
More recently, we have described a superveil 
modification, which was developed for select pa- 
tients with favorable anatomy and clinical charac- 
teristics, allowing for further extension anteriorly 
of the dissection to preserve the pubovesical lig- 
aments and dorsal vein complex.°°°° With these 
techniques, we reported erectile function recov- 
ery rates of 93% and 94%, respectively, in the 
most favorable patient groups. Similarly, Srivas- 
tava and colleagues°° recently published a review 
of their current technique of neurovascular bundle 
preservation. Building on basic tenets of RARP, 
their approach included avoiding unnecessary 
thermal and traction injury to the neurovascular 
bundle during the dissection of the trizonal re- 
gion (see later discussion). Through a medial 
to lateral dissection approach, beginning with 
the seminal vesicles and extending along the 
posterolateral aspect of the prostate, the investi- 
gators used sharp, athermal dissection and small 
pedicle clipping to facilitate intrafascial dissec- 
tion. In their retrospective analysis of 2317 
consecutive men with PCa undergoing RARP,” 
91% reported the ability to engage in sexual 
intercourse. For men aged 60 years and younger, 
rates of erectile function recovery beyond 
12 months were approximately 95% when un- 
dergoing grade 1 neurovascular bundle preser- 
vation. These rates deteriorated incrementally 
with progressively wider planes of dissection 
(ie, a greater degree of neurovascular bundle 
resection [ie, grades 2-4)]). 


TIMELINE: MAJOR TECHNICAL MODIFICATIONS IN POTENCY PRESERVATION 


* Vattikuti Institute Prostatectomy (VIP) approach to RARP described by Menon etal. 


= Avoiding countertraction during NVB dissection 
shown to lead to early potency recovery 


= Avoiding thermal injury shown to lead 
to earlier return of sexual function 


2002 YEAR 2006 2007 2011 2013 
MODIFICATION YEAR GROUP OUTCOME 
“Veil” nerve sparing technique aoe en = a Significant improvement in potency rates in patients undergoing “Veil” nerve sparing. 
Athermal dissection 2006 Ahlering et al. Avoiding thermal injury leads to earlier return of sexual function. 


Traction free dissection 2011 


Fig. 4. Technical modifications in potency preservation. (Data from Refs. 


Kowalczyk etal. Avoidance of countertraction on the NVB leads to earlier return of erectile function. 


35/36;103;107) 
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The rationale for these modifications was based 
on cadaveric dissections performed by our group 
and others previously, suggesting that smaller 
nerves comprising the pelvic neurovascular plexus 
run along the prostatic and Denonvilliers fascia.°° 
Further studies have supported the concept of a 
neural hammock extending from the posterior sur- 
face of the seminal vesicles down along the 
posterolateral aspect (bilaterally) of the midpros- 
tate, and diverging anterolaterally near the mem- 
branous urethra.8®99-100 These studies proposed 
the concept of a trizonal neural hammock, 
including the proximal neurovascular bundle pos- 
terior to the seminal vesicles, the predominant 
neurovascular bundle running bilaterally along 
the posterolateral aspect of the prostate, and the 
accessory neural pathway. '°' 


Athermal Dissection 


The use of thermal energy on or near neural tissues 
can cause neuropraxia, axonotmesis, and subse- 
quently, neurotmesis. Mandhani and colleagues °? 
and Ong and colleagues °? both reported that the 
use of monopolar cautery, bipolar cautery, or har- 
monic shears, all resulted in significant thermal tis- 
sue insult and lead to cavernosal injury, compared 
with athermal dissection. This finding was sup- 
ported by histologic evidence of inflammation and 
cellular death in the group who underwent nona- 
thermal dissection. As a result of these findings, 
transection of the pedicles should ideally be 
accomplished without thermal energy. When cau- 
tery must be used, it should be used at the lowest 
effective power (ie, around 10 W for endopelvic fas- 
cia). Ahlering and colleagues'°*:'°° have reported 
extensively on improvement in potency outcomes 
with their athermal technique of RARP using 
bulldog clamps on the hypogastric vessels. The po- 
tency rates at 3, 9, and 24 months in patients with 
and without thermal utilization (all underwent 
similar nerve sparing) were 8.3%, 14.7%, and 
63.2% and 38.1%, 69.8%, and 92%, respectively. 
Gill and Ukimura'®° have reported similar results in 
the LRP model. Hence, great care should be taken 
to avoid electrocautery use and excessive heat 
application in the vicinity of cavernosal nerves. 


Traction Free 


The impact of countertraction (either by the sur- 
geon or by the assistant) on neurovascular injury 
and secondary neuropraxia has been recently 
quantified and emphasized in a report by Kowalc- 
zyk and colleagues'°’ In their report, of 610 pa- 
tients undergoing RARP by a single surgeon, 342 
patients underwent countertraction-free dissec- 
tion of the neurovascular bundle during nerve 


sparing RARP. This dissection was accomplished 
by placing traction on the prostate itself (ie, medial 
motion of the instruments while performing blunt 
dissection, rather than lateral) and dissecting it 
away from the neurovascular bundle. These pa- 
tients experienced earlier potency recovery (45% 
vs 28% potent at 5 months), but overall potency 
rates at 1 year were similar between the groups. 
These results are in agreement with the findings 
that have been previously reported in ORP and 
other RARP series using similar techniques. 10109 


SUMMARY 


RARP has evolved dramatically since its inception 
in the early 2000s. RARP offers excellent and last- 
ing oncologic control, which is at least equivalent 
to that achieved with ORP. Technical refinements 
in apical dissection, such as the retroapical 
approach of synchronous urethral transection, 
and adoption of real-time frozen section analysis 
of the excised prostate during RARP, have further 
substantially reduced PSM rates, particularly in 
high-risk disease patients. Furthermore, precision 
offered by the robotic platform and technical evolu- 
tion of RP, including enhanced nerve sparing (veil), 
have led to improved potency and continence out- 
comes as well as better safety profile in patients un- 
dergoing surgical therapy for PCa. 
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KEY POINTS 


e This article demonstrates multiple surgical approaches for robot-assisted simple prostatectomy 
(RALSP) in patients suffering from lower urinary tract symptoms from large prostatic adenomas. 
e RALSP is a technically feasible and viable treatment option that also allows management of other 


pathologies concomitantly. 


e RALSP with complete urethrovesical reconstruction is a minimally invasive technique for a large 
prostatic adenoma that provides excellent outcomes. 

e RALSP can also be performed with other modified techniques as described. 

e Larger studies with longer follow-up are needed to assess the long-term results of this procedure 


on alleviation of voiding symptoms. 


INTRODUCTION 


Management options for men with symptomatic 
benign prostatic hyperplasia have increased over 
the past few decades. For most men with small 
glands and lower urinary tract symptoms, the stan- 
dard therapy includes alpha blockers as a first-line 
treatment. In previous studies of 1-year duration or 
less, combination with a 5-alpha reductase inhibitor 
proved equal to alpha-blocker therapy in efficacy 
and safety, but superior to 5-alpha reducatase in- 
hibitor (ARI) therapy alone. However, the Medical 
Therapy of Prostate Symptoms (MTOPS) study’ 
demonstrated that in the long term, among men 
with larger prostates, combination therapy is supe- 
rior to either alpha-blocker or 5-ARI therapy in pre- 
venting progression and improving symptoms. 
According to the American Urological Associa- 
tion (AUA) guidelines, surgery is recommended 
for patients who have renal insufficiency second- 
ary to benign prostatic hyperplasia (BPH), who 


have recurrent urinary tract infections (UTIs), 
bladder stones or gross hematuria due to BPH, 
and those who have lower urinary tract symptoms 
(LUTS) refractory to other therapies. Minimally 
invasive interventions are the standard therapy 
for this group of patients. 

Technology is rapidly improving, and the use of 
various endoscopic techniques along with lasers 
has gained popularity because of the lower 
morbidity and mortality compared with the tradi- 
tional gold standard of transurethral resection of 
the prostate (TURP).? Other approved technolo- 
gies for treatment of outlet obstruction include 
visual laser ablation of the prostate (VLAP), tran- 
surethral needle ablation of the prostate (TUNA), 
transurethral electrovaporization of the prostate 
(TUEVP), microwave ablation of the prostate, 
Greenlight photovaprorization of the prostate 
using a KTP laser, and holmium enucleation of 
the prostate. The AUA guidelines state that in 
men with larger prostates who would likely require 
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a staged procedure, open prostatectomy is an 
appropriate and effective treatment alternative 
for men with moderate-to-severe LUTS who are 
significantly bothered by their symptoms. 

Open simple prostatectomy is recommended 
by the European Association of Urology guidelines 
for men with large glands (>80-100 mL). Although 
the guidelines last updated in 2010 did not give a 
formal recommendation to minimally invasive ap- 
proaches to simple prostatectomy, techniques 
been developed and are now commonly being 
performed to help men suffering from significant 
lower urinary tract symptoms who would other- 
wise undergo a difficult transurethral procedure. 

The first laparoscopic simple prostatectomy was 
performed in 2006,° and numerous subsequent 
series have demonstrated function outcomes 
similar to the open technique.*:° Although these 
series demonstrated the equivalence of perform- 
ing simple prostatectomy using a minimally inva- 
sive approach, this technique is difficult to master 
and disseminate. The authors first started devel- 
oping a technique of robot-assisted laparoscopic 
simple prostatectomy (RALSP) in 2009 at Wake 
Forest based on experience of the senior author, 
who has previously performed laparoscopic and 
robot-assisted simple prostatectomy.°:’ 

The use of robotics overcomes the limitations of 
pure laparoscopy by providing stereoscopic 3- 
dimensional vision, wristed instruments with 7° of 
freedom, and tremor control. Robotic assistance 
helps in quicker skills acquisition, and the learning 
curve for RALSP is actually steeper than for lapa- 
roscopic simple prostatectomy, as learning is 
longer and shallower with the latter. This article de- 
scribes multiple techniques for RALSP in a step- 
by-step manner presents the authors’ results. 

Indications for RALSP include 


1. Large prostate over 75 to 100 g 

2. Acute urinary retention 

3. Bladder outlet obstruction recalcitrant to medi- 
cal therapy 


4. Bladder outlet obstruction with diverticulum 
5. Recurrent hematuria due to BPH 

6. Upper tract changes 
7. Bladder calculi 


METHODS AND PATIENTS 


Twenty consecutive cases of RALSP for BPH- 
related LUTS were performed by a single surgeon. 
Some of these procedures were performed as a 
live demonstration for educational purposes. 

Initial workup included a complete history and 
physical examination, International Prostrate 
Symptom Score (IPSS) (if applicable, ie, not with 
an indwelling Foley urethral catheter for urinary 
retention), office uroflowmetry, urine analysis, urine 
culture, serum electrolytes including creatinine, 
prostate-specific antigen, and axial imaging 
(Fig. 1). All patients who were younger than 70 
with an elevated prostrate-specific antigen (PSA) 
test underwent transrectal ultrasound-guided pros- 
tate biopsy to exclude prostate cancer prior to sur- 
gery before their referral to the authors. All patients 
had failed medical therapy prior to intervention. Pa- 
tients were counseled regarding treatment options 
including continuing medical therapy, prostatec- 
tomy (both open and minimally invasive), TURP, 
laser prostatectomy, and photovaporization of the 
prostate. After appropriate workup and counseling, 
informed consent was obtained. 

Multiple techniques can be employed to 
perform RALSP. Each approach recapitulated 
the open technique with few modifications. 


Technique I—RALSP Transperitoneal Anatomic 
Approach 


The step-by-step video of this technique can be 
seen on the Urologic Clinics of North America 
Web site. 


Positioning 
The patient is placed in the dorsal lithotomy posi- 
tion with all pressure points padded. The patient 


SIm 


Fig. 1. (A) Magnetic resonance imaging (MRI) axial images of large prostatic adenoma. (B) MRI coronal images 
demonstrating significant intravesical prostatic protrusion of prostatic adenoma. 


is secured to the table with straps or pads across 
the chest or shoulders. The patient is prepared and 
draped with a 20 F Foley catheter in place. The pa- 
tient is then placed in the Trendelenberg position 
at about 30° or more as needed. 


Placement of ports 

A Veress needle is inserted periumbilically, and the 
abdomen is insufflated to a pressure of 15 mm of 
Hg. A 12 mm camera port is then placed in the 
midline just below or above the umbilicus based 
on body habitus of the patient by making a longitu- 
dinal incision. The abdomen is inspected to assess 
for adhesions or any bowel injury during Veress 
needle or port placement. Two 8 mm robotic ports 
are placed about 8 cm lateral and an inch caudal to 
the camera port on either side of the rectus mus- 
cle. A third 8 mm robotic port is placed on the 
left side at the same level as the other working 
ports in the anterior axillary line above the anterior 
superior iliac spine. A 12 mm assistant port is 
placed on the right about 3 cm above the right 
anterior-superior iliac spine. A 5 mm assistant 
port is placed about 3 cm lateral to the midline 
on the right just cranial to the camera port (Fig. 2). 


Bladder mobilization 

The bladder is filled with water or saline to easily 
identify it. The anterior peritoneum is incised 
medial to the medial umbilical ligaments to the 
level of the vasa deferentia bilaterally (Fig. 3). In 
case of very large prostates, over 150 g, or in pa- 
tients with a small or narrow pelvis, it is better to 
excise lateral-to-medial umbilical ligaments to 
give wide exposure for dissection and manipula- 
tion of the gland. The bladder is dropped off 
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Fig. 2. Port placement. 


Simple Anatomic Prostatectomy 


Fig. 3. Incision of the medial umbilical ligament, 
which is identified by the red arrow. 


anterior to the abdominal wall to reach into the 
space of retzius. The bladder is then drained. 


Apical dissection 

Once retropubic space is entered, the fat over the 
prostate and prostato-vesical junction is 
dissected to expose the bladder neck (Fig. 4). 
The superficial branch is fulgurated and divided 
at the apex and at the level of bladder neck. In 
most cases, unlike radical prostatectomy, the au- 
thors do not dissect endopelvic fascia (EPF), 
perform apical dissection, or control dorsal 
vascular complex (DVC) with the suture at the 
apex. However, if there is concern, or if the sur- 
geon feels it is not optimal, then endopelvic fascia 
is incised laterally; however, spare puboprostatic 
ligament and DVC is controlled with 0 monocryl 
on computed tomography (CT) 1 needle. 


Bladder neck dissection and division 
The prostate is visualized and the bladder neck 
identified by pulling the catheter in and out. There 


Fig. 4. Prostate dissected free (red arrow) showing the 
location of the bladder neck. 
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are sometimes superficial dorsal veins that run 
over the bladder neck, and these are fulgurated if 
present. Gentle and careful dissection is per- 
formed to separate the bladder neck. If possible, 
the authors employ a bladder neck-sparing tech- 
nique. The anterior bladder neck is divided. The 
Foley catheter is removed (Fig. 5). If the prostate 
is very large, and median lobes are going inside 
the bladder, a polydioxanone (PDS) or Monocryl 
stay suture is placed into the prostate to allow 
for retraction, which is helpful while enucleating 
the prostatic adenoma (Fig. 6). 

In patients who have bladder stones or bladder 
diverticuli, a wide bladder neck incision is made 
to ensure good visualization. In the authors’ series, 
3 patients had secondary bladder stones related 
to their outlet obstruction, which were removed 
prior to proceeding. One patient had a bladder 
diverticulum, which was excised by transvesical 
diverticulectomy. 


Dissection of prostate adenoma 

An incision is made between the anterior prostatic 
capsule and adenoma at the level of the bladder 
neck. This plane is advanced between the prostate 
capsule and adenoma in order to avoid dorsal 
vascular complex. Posterior dissection is started 
at the level of the anatomic capsule with blunt 
and sharp dissection. Traction sutures are used 
to retract and assist with dissection. By staying 
close to adenoma, there is less chances of 
bleeding (Fig. 7). 

When nearing completion of the posterior 
dissection, anterolateral dissection is carried out 
to mobilize the lateral lobes. Most of the time, 
because of the large size of the gland, it can be 
difficult to perform sequential dissection of the 


Fig. 5. Bladder neck incision and Foley removal. The 
red arrow demonstrates the prostatic capsule; the yel- 
low arrow demonstrates the Foley catheter in the 
urethra. 


Fig. 6. Stay suture in prostate for retraction as shown 
by the red arrow. 


gland. In these situations, one can toggle between 
anterior, posterior, and lateral dissection as 
needed in order to continue to progress. The 
goal is to shell out entire prostatic adenoma be- 
tween anatomic and surgical capsule. 

Of course, endowristed instruments are helpful 
in following various angles of the capsular plane. 
It also helps in hemostasis and meticulous dissec- 
tion by allowing focal coagulation of bleeders. If 
the patient has a history of recurrent UTIs or prior 
surgery, these planes may be difficult to dissect 
and may lead to avulsion of the prostatic capsule. 


Dissection and division of the distal prostatic 
urethra 

Before starting dissection, make sure the Foley 
catheter is advanced. The 3-dimensional vision 
coupled with magnification allows for a precise 
apical dissection underneath the anterior capsule 
of the prostate, thereby avoiding injury to the 
external sphincter. Anterior dissection is per- 
formed, and the distal urethra is divided after 


Fig. 7. Dissection of the lateral lobes (yellow arrow) 
away from the prostatic capsule (red arrow). 


circumferential dissection. It is lifted with a left arm 
instrument. The urethra is then divided sharply at 
the apex, freeing the specimen from the prostatic 
capsule. Once the specimen is free, it is bagged 
in to a specimen bag (sometimes the larger 
15 mm specimen bag is needed depending on 
the size of the prostate). 


Control of hemostasis 

At this point, hemostasis is ensured using bipolar 
cautery. If there are small bleeders, they can be 
controlled with the plasmakinetic or fenestrated 
bipolar forceps or 3-0 Monocryl suture. Alterna- 
tively, an ultrasonic device can be used for 
dissection. 


Vesico-urethral anastomosis 

Unlike the standard description, the authors 
perform a complete anatomic reconstruction.’ A 
single 3-0 Monocryl suture is used to reapproxi- 
mate the posterior prostatic capsule, which can 
help in hemostasis. Then, the vesicourethral anas- 
tomosis is performed using a 3-0 barbed suture in 
a running fashion; alternatively, a Monocryl suture 
can be used to save on cost. When performing 
the posterior portion of the anastomosis, care is 
taken to identify and avoid the ureteral orifices 
(Fig. 8). Finally, the anterior capsule is reapproxi- 
mated to the outer surface of the bladder with a 
3-0 Monocryl suture. If suture is not used, the 
capsule will spontaneously cover the anastomosis 
(Fig. 9). 


Closure 

Anew 20 F 2-way Foley catheter is placed, and the 
balloon is inflated with 15 cc of water inside the 
bladder lumen. A Jackson Pratt drain is placed is 
placed into the rectovesical pouch. The assistant 
12 mm port is closed with a 1-0 vicryl suture using 
a reusable Carter-Thompson closure device. The 


Fig. 8. Vesicourethral anastomosis. Red arrow demon- 
strates the urethra and the yellow arrow demon- 
strates the bladder neck. 


Simple Anatomic Prostatectomy 


Fig. 9. Approximation of the anterior 
capsule (red arrow). 


prostatic 


specimen is extracted by extending the midline 
camera port. The fascia is closed using a 0-PDS 
suture, and the skin is closed using a 4-0 Monocryl 
subcuticular suture. The 8 mm robotic trocars sites 
and the 5 mm assistant port sites are closed using 
a subcuticular 4-0 Monocryl suture. 


Technique II—RALSP with Extraperitoneal 
Approach 


Initial access 

The initial access is obtained via a 2 to 3 cm in- 
fraumbilical incision to expose the anterior rectus 
sheath. A vertical incision is made in the anterior 
sheath so as to expose the rectus muscles. The 
muscles are split in the midline to delineate poste- 
rior sheath. Once visualized, a PDB 1000 balloon 
dilator (Covidien, Dublin, Ireland) is inserted over 
the posterior sheath, slowly advancing down to- 
ward the space of Retzius. It allows the laparo- 
scope to pass through the balloon port, which 
helps in creating an extraperitoneal space under 
direct vision. The epigastric vessels can be visual- 
ized, with care taken not to dissect them off of 
the lower aspect of the rectus muscles. Once the 
space has been created satisfactorily, this balloon 
is replaced with blunt tip balloon trocar. Then 
under endoscopic vision. secondary ports are 
placed. 

One should be careful to avoid in inadvertent 
rent in the peritoneum, because a small peritoneal 
rent may lead to loss or decreases in the extraper- 
itoneal space. Although the procedure can still 
be undertaken, considerable experience may be 
required if this occurs. 


Port placement 

Four to 5 additional ports are placed under direct 
endoscopic vision, with enough space left in be- 
tween the robotic trocars to avoid instrument 
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collision, and the assistant port should not be too 
lateral. All of these ports are below the camera 
port. The advantage of this technique is that 
once the extraperitoneal space is developed, ac- 
cess to the prostate is immediate. With the excep- 
tion of the creation of the extraperitoneal space, 
port placement and technique are similar to the 
transperitoneal approach. 


Technique IlI—Robot-Assisted Laparoscopic 
Simple Retropubic Prostatectomy (Millin 
Technique) 


This can also be done by transperitoneal and ex- 
traperitoneal approach. 


Initial steps 

Positioning, port placement, and bladder mobiliza- 
tion are done as with the previously described 
approach for transperitoneal and extraperitoneal 
access. 


Prostate capsule incision 

The Foley catheter balloon is pulled in and out to 
determine the location of the bladder neck. Stay 
sutures are taken distally, proximally, and laterally 
on both sides of the lateral edge of the prostate. A 
transverse incision is made in the prostatic 
capsule and followed down into the prostatic ade- 
noma. The adenoma is mobilized on the anterior 
and lateral sides from the capsule. A 0-vicryl stay 
suture can be used for countertraction of the pros- 
tate adenoma during mobilization of posterior part 
of adenoma. The urethra is identified and trans- 
ected sharply at the apex of the prostate. 


Capsular closure 

Hemostasis is achieved with bipolar or plasmaki- 
netic forceps. If bleeding continues to be an issue, 
large figure-of-eight sutures can be taken at the 
5 o'clock and 7 o’clock positions at the bladder 
neck, or any obvious bleeders can be ligated. In 
addition, a single 3-0 monocry! suture is used to 
reapproximate the posterior plate. A 20 F Foley 
catheter is replaced with the balloon deflated. 
Then anterior capsule is sewn closed. The Foley 
balloon is inflated inside the bladder, and mild 
traction is given. 


Technique |V—Robot-Assisted Laparoscopic 
Simple Transvesical Prostatectomy (Frayer 
Technique) 


This can also be done by transperitoneal and ex- 
traperitoneal approach. 


Preparation 
Positioning, port placement, and bladder mobiliza- 
tion are done as with the previous techniques. 


Bladder incision 

The Foley balloon is pulled to determine the loca- 
tion of the bladder neck. A longitudinal incision is 
made in the anterior wall of the bladder proximal 
to the bladder neck, and the Foley balloon is visu- 
alized. The Foley balloon is taken down, and the 
Foley catheter is retracted. The mucosa around 
the adenoma is scored, taking care to avoid the 
ureteral orifices. Using a combination of blunt 
and sharp dissections, the adenoma is mobilized 
away from the prostatic capsule. This is begun at 
the posterior surface, then on the lateral aspects 
of the adenoma, and then continued anteriorly. A 
0-vicryl stay suture can be placed to help retract 
the prostate during mobilization. The urethra is 
identified and transected sharply. The adenoma 
is pulled anteriorly, and the posterior aspect is 
then mobilized. The adenoma is then removed 
and placed into a specimen bag. 

Hemostasis is achieved with cautery. If hemo- 
stasis continues to be an issue, large figure-of- 
eight sutures can be taken at the 5 o’clock and 
7 o'clock positions at the bladder neck to ligate 
any branches from the prostatic pedicles. Obvious 
bleeders were also tied. 

At this point, a single 3-0 monocryl suture is used 
to reapproximate the posterior plate. A 20 F Foley 
catheter is replaced with the balloon deflated. 
Then the bladder closure is performed using a 
3-0 vicryl single barbed suture in a running fashion. 
Finally, the anterior capsule is reapproximated with 
a 3-0 monocryl suture to aid with hemostasis. 


RESULTS 


Robot-assisted simple prostatectomy was suc- 
cessfully performed by a single surgeon in 20 pa- 
tients using different surgical approaches. The 
mean patient age was 70.8 years (range 61-87 
years); mean IPSS was 14.75 (range 9-21 years); 
mean PSA was 7.6 (range 1.5-18.9). Mean 
postvoid residual urine was 414 cc (range 123- 
750 cc). Four patients who underwent simple pros- 
tatectomy were in urinary retention with indwelling 
Foley urethral catheter. Two patients had bladder 
stones, and 1 patient had a large diverticulum. 

All patients had failed medical therapy (either 
5-alpha_ reeducates inhibitors and/or alpha 
blockers), and 2 patients had undergone previous 
interventions for BPH including transurethral resec- 
tion of the prostate. All patients under 70 years 
of age underwent preoperative evaluation for pros- 
tate cancer and had a negative prostate biopsy 
prior to surgery. All patients underwent preopera- 
tive cystoscopy to evaluate for intravesical pros- 
tatic protrusion, with 5 of 9 patients having a 
prominent median lobe. 


Six patients had concomitant procedures, 
including inguinal hernia repairs in 2 patients, cys- 
tolithotomy in 3 patients, and bladder diverticulec- 
tomy in 1 patient. Mean length of stay was 1.7 days 
(range 1-5 days). There were 2 complications. 
Despite administration of second-generation 
cephalosporin, 1 patient developed a UTI requiring 
prolonged treatment with oral antibiotics (Clavien 
grade 2). One patient developed an ileus postop- 
eratively, which was treated with conservative 
management but necessitated a prolonged hospi- 
tal stay (Clavien grade 1). 

A complete urethrovesical anastomosis per- 
formed with a 3-0 barbed or monocryl suture 
allowed the authors to leave the catheter postop- 
eratively for 3 to 5 days and remove it without 
a voiding cystourethrogram except for initial 
cases. Postoperatively, all patients were able to 
void with minimal postvoid residual after catheter 
removal. On pathologic review, mean excised 
prostate adenoma weight was 134.7 g (range 
74-384 g). Two patients were diagnosed with 
Gleason 3 + 3 = 6 adenocarcinoma, pathologic 
stage Tla. Both of those patients continue to 
have regular PSA to monitor their disease. 


DISCUSSION 


This series demonstrates the multiple approaches 
to robot-assisted simple prostatectomy that reca- 
pitulate the open technique. Transurethral resec- 
tion and open simple prostatectomy have 
traditionally been the standard methods of treat- 
ment for men with BPH with significant bother. 
As technology has advanced, the use of lasers 
has entered the treatment arena with the introduc- 
tion of photovaporization of the prostate and hol- 
mium enucleation of the prostate. Randomized 
control trials have shown equivalent short-tem 
outcomes for photovaporization of the prostate? 
and intermediate-term outcomes for holmium 
enucleation of the prostate’? in regards to IPSS 
scores and QMax compared with open simple 
prostatectomy. 

One of the major reasons endoscopic treat- 
ments for BPH were created was the concern for 
high complication rates related to open simple 
prostatectomy. Bleeding is a major concern, with 
a large-volume center reporting a 12.7% rate of 
blood transfusions, a 12.3% infection rate, and 
3.2% bladder neck contracture rate.'' In 1 pro- 
spective study of 56 patients, the mean estimated 
blood loss was 1181.3 mL, with a 36% rate of 
blood transfusion. '* 

The first published series of a minimally invasive 
approach to simple prostatectomy was published 
by Mariano and colleagues,° which demonstrated 


Simple Anatomic Prostatectomy 


improved pain and shorter recovery compared 
with the open approach. However, blood loss 
was still a major issue, with nearly 10.2% of the 
laparoscopic group requiring blood transfusions. 
The laparoscopic approach to simple prostatec- 
tomy remains a challenge for most surgeons 
because of the limited ergonomics of the instru- 
ments and the narrow confines of the pelvis and 
difficulty of performing intracorporeal suture. 

The use of robotics has overcome the challenges 
of performing minimally invasive laparoscopic pro- 
cedures, making the procedure technically easier 
for the surgeon. Using the techniques they devel- 
oped beginning in 2009, the authors have success- 
fully performed 20 procedures.°’ 

The authors’ series demonstrated no blood 
transfusions, which is consistent with published 
reports of robot-assisted simple prostatec- 
tomy.'*'° Factors that may be significant for this 
discrepancy between blood loss using the robotic 
approach and the traditional open approach may 
be the pneumoperitoneum contributing to a tapo- 
nade of small vessels, better hemostatic control 
using laparoclip (Covidien, Dublin, Ireland) under 
3-dimensional magnified stereoscopic vision, and 
articulated instruments. In addition, the authors 
perform a complete anatomic reconstruction of 
vesicourethral junction and inflation of balloon in- 
side the bladder. This maneuver completely obliter- 
ates the prostatic cavity and has the potential for 
better hemostasis and early catheter removal. 

Another advantage of the robotic approach is 
the ease of treating additional coexisting pathol- 
ogies as done in the present series. Using the ro- 
botic approach, these concomitant procedures 
were very quick to perform and minimize the 
morbidity for the patient in need of an additional 
anesthetic or prolonged operative time. 

In the authors’ opinion, RALSP is a viable option 
for patients with large glands, preferably over 100 
g, that would not be amenable to single-stage 
transurethral resection or patients would otherwise 
be candidates for an open procedure. This tech- 
nique also helps in treating concomitant pelvic 
pathology. The robotic approach is a recapitulation 
of the open approach with modifications as de- 
scribed. It demonstrates decreased blood loss, 
shorter convalescence, minimal catheter duration, 
no suprapubic catheterization, no continuous 
bladder irrigation, and lower complication rates. 
This series is limited by the small sample size and 
single surgeon experience, as the authors do not 
believe in operating on a small-sized prostate with 
RALSP, which can be handled with alternative less 
costly approaches. A larger cohort of patients would 
allow greater reproducibility. Additionally, long-term 
follow-up is necessary to evaluate outcomes. 
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SUMMARY 


This article demonstrated multiple surgical ap- 
proaches for robot-assisted simple prostatectomy 
in patients suffering from LUTS from large pros- 
tatic adenomas. Robot-assisted simple prostatec- 
tomy is a technically feasible and viable treatment 
option that also allows management of other pa- 
thologies concomitantly. RALSP with complete 
urethrovescial reconstruction is a minimally inva- 
sive technique for a large prostatic adenoma that 
provides excellent outcomes. RALSP can also be 
performed with other modified techniques as 
described. Larger studies with longer follow-up 
are needed to assess the long-term results of 
this procedure on alleviation of voiding symptoms. 
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KEY POINTS 


e Oncologic outcomes are generally excellent for both robotic-assisted laparoscopic radical prosta- 
tectomy (RALP) and radical retropubic prostatectomy (RRP), with no consistent oncologic outcome 


difference. 


e Studies consistently report significantly lesser blood loss with RALP than RRP, and many report 
lower prolonged duration of stay and bladder neck contracture rates. 

e In expert hands, urinary incontinence and potency outcomes are similar between RALP and RRP. 

e Ultimately, the skill and experience of the surgeon remain the greatest determinant of surgical out- 


comes after RALP and RRP. 


INTRODUCTION 


Since the first robotic-assisted laparoscopic 
radical prostatectomy (RALP) in 2000, a tectonic 
shift has occurred in the operative management 
of prostate cancer.' With the rapid diffusion of 
this innovation, estimates now suggests more 
than 60% of all radical prostatectomies were per- 
formed robotically by the end of the decade and 
this percentage may increase to greater than 
75% in the near future. Proponents of robotic sur- 
gery tout the 3-dimensional visualization, wristed 
instrumentation, and comfortable seated posi- 
tion.? When combined with the lower blood loss, 
robotic systems may allow better visualization of 
the apex and greater magnification when dissect- 
ing surgical planes, both of which may lead to 
improved surgical outcomes.° Detractors note 


that the widespread adoption was a result of 
aggressive marketing rather than proven benefits, 
and that claims for the superiority of the robotic 
technique remain unproven.* Furthermore, the 
anatomic considerations that allow improved he- 
mostasis and visualization of the prostatic apex 
were pioneered by Walsh and are common to 
both open and robotic techniques.° 

Available evidence regarding outcomes from 
RALP and RRP arise from retrospective reviews 
of single-center experience, metaanalyses, and 
results from administrative datasets. To date, no 
prospective, randomized trials exist to guide clin- 
ical decisions. In addition, given the strong prefer- 
ences patients harbor coupled with surgeon 
biases, a randomized trial in the United States 
would be difficult, if not impossible, to perform in 
the current health care environment.°’ Thus, we 
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are faced with existing retrospective data 
comparing the 2 modalities, which has significant 
limitations. First, given the impact of the robotic 
learning curve, outcomes early in the robotic expe- 
rience are inferior to the mature outcomes 
achieved after more than 300 cases.° Second, 
in centers that have transitioned predominantly 
to robotic prostatectomy, patients who undergo 
RRP may be poorer operative candidates,':'° 
biasing statistical analyses of surgical outcomes. 
Furthermore, continued stage migration between 
2000 (when RRP was predominant) and current 
times (when RALP is more common than RRP) 
may bias oncologic outcomes in favor of RALP. 
Administrative datasets traditionally have lacked 
of a modifier distinguishing RALP from laparo- 
scopic radical prostatectomy (LRP), limiting the 
ability to compare robotic and open surgery 
directly. With these limitations in consideration, 
the objective of the current review is to weigh the 
available evidence for superiority, inferiority, or 
equivalence of RALP compared with RRP. 


ONCOLOGIC OUTCOMES 


Although no randomized, controlled trials com- 
paring oncologic outcomes for RALP and RRP 
currently exist, observational studies of administra- 
tive datasets and retrospective analyses from high- 
volume centers allow limited comparisons of RALP 
and RRP. Retrospective analyses of data from sin- 
gle institutions benefit from granular data collec- 
tion, centralized pathology review, and often from 
a uniform surgical pathway. However, selection 
bias and lack of power to detect small differences 
remain legitimate concerns. Early comparisons of 
oncologic outcomes between RRP and RALP 
were based on analyses of single institutions. 
Several groups have assessed the risk of posi- 
tive surgical margin (PSM) between the 2 tech- 
niques, with some studies reporting lower PSM 
after RALP,'' and others reporting no differ- 
ence'*:'S or higher PSM rates.'*:'° To reduce po- 
tential biases that result from including multiple 
surgeons who may utilize different surgical tech- 
niques, Masterson and colleagues’? evaluated 
the experience from a single, high-volume surgeon 
and a single pathologist to determine whether the 
robotic technique was associated with decreased 
surgical margins. The study included 357 men who 
underwent RRP and 669 who underwent RALP, 
finding no difference in surgical margin rate 
after stratifying by TNM stage. No multivariable 
analysis was included in this study. Of course, 
the results are limited by potential selection bias 
in choosing patients for each modality. Magheli 
and colleagues! compared PSM rates after 


RRP, RALP, or LRP, controlling for selection bias 
by propensity score matching based on preopera- 
tive characteristics. PSM rates were lower in men 
undergoing RRP (14.4%) and LRP (13.0%) 
compared with RALP (19.5%) after adjusting 
based on propensity score (hazard ratio [HR] 
1.64 for RALP vs radical prostatectomy [RP] for 
PSM; P = .026). Barocas and colleagues, '° on 
the contrary, found a lower PSM rate among 
men who underwent RALP in their institution 
(19.9% vs 30.1%; P<.01). The authors evaluated 
2132 men and found no association between 
3-year biochemical recurrence (BCR) and surgical 
modality after adjusting for pathologic stage, sur- 
gical margin status, and pathologic Gleason score, 
with an HR of 1.01 (P = .93).'° The lack of differ- 
ence in BCR has been confirmed in other 
populations. |” 

Single-institution series rely on the experience of 
1 or a few surgeons, and the results may not be 
generalizable. Population studies comparing 
RALP and RRP have the advantage of diluting 
the impact of any individual surgeon and allowing 
an assessment of the collective impact of robotic 
surgery on oncologic outcomes. Hu and col- 
leagues'® sought to evaluate oncologic outcomes 
of RALP and RRP in a propensity-matched anal- 
ysis of the Surveillance, Epidemiology, and End 
Results (SEER)-Medicare database. The investi- 
gators assessed the rate of PSMs as well as 
need for additional therapies after surgery in 
13,004 men who underwent either RALP or RRP 
between 2004 and 2010. After propensity match- 
ing using data on socioeconomic background, co- 
morbidities, and disease characteristics, the rate 
of PSM decreased among men who underwent 
RALP compared with RRP (13.6% vs 18.3%, 
respectively; HR, 0.70; P<.001), particularly in 
men with intermediate (15.0% vs 21.0%) or high- 
risk disease (15.1% vs 20.6%). The use of adjuvant 
therapies was decreased at 6, 12, and 24 months 
as well (odds ratio [OR], 0.75; P<.001) in a multi- 
variable model. The results may have been influ- 
enced by differing practice patterns among open 
and robotic surgeons (eg, propensity for adjuvant 
therapy utilization), lack of centralized pathology 
review, and misclassification resulting from unreli- 
able use of the Current Procedural Terminology 
code for minimally invasive RP (MIRP) during the 
study period. Unfortunately, SEER does not cap- 
ture post-prostatectomy prostate-specific antigen 
(PSA) values, and BCR data were not available. In 
the Victorian Prostate Cancer Registry, Evans and 
colleagues '° found improved oncologic outcomes 
with RALP. In multivariable models including hos- 
pital volume, National Comprehensive Cancer 
Network risk criteria, hospital type (public vs 


private), and surgical modality, RALP was signifi- 
cantly less likely than RRP to result in a PSM 
(OR, 0.69; P = .002), and in a separate analysis 
also including pathologic stage and margin status, 
RALP was associated with fewer secondary treat- 
ments (OR, 0.59; P = .010). In a separate 
population-based comparative effectiveness 
study of the Health Professionals Follow-up Study, 
Alemozaffar and colleagues?’ noted no difference 
in PSM between RALP and RRP (24.4% vs 23.1%; 
P = .51) among the 903 men in the study popula- 
tion. No difference was found in 3- or 5-year BCR 
rates between RALP and RRP. 

Similar conclusions regarding decreased PSM 
with RALP compared with RRP were reached in 
a large, multiinstitutional study of 14 high- 
volume centers in Europe, the United States, 
and Australia. Sooriakumaran and colleagues?! 
compared PSM rates in 22,393 patients, adjusting 
for differences in age, PSA, Gleason score, path- 
ologic stage, and year of surgery. PSM rates were 
lowest for RALP (13.8%) compared with LRP 
(16.3%) and RRP (22.8%), although a greater pro- 
portion of men undergoing RRP had high-risk dis- 
ease and were treated at a significantly earlier 
time point. After adjustment using either logistic 
regression analysis or propensity score matching, 
the HR for PSM was 0.76 when comparing either 
RALP to RRP or LRP to RRP (P<.001 for all ana- 
lyses). No difference was found between RALP 
and LRP. It should be noted that surgeon volume 
could not be controlled for in the analysis and may 
have contributed to the results. Of note, a similar 
HR for PSM was seen between the study of 
Sooriakumaran and colleagues?! (HR, 0.76) as 
the PSM rate seen in the analysis of SEER- 
Medicare data (HR, 0.70). 

Early in the robotic experience, it was postulated 
that RRP would be superior for high-risk prostate 
cancer (HRCaP) because tactile feedback would 
allow wider excision in palpably suspicious areas 
and the open approach would allow wider lympha- 
denectomy. However, in studies limited to HRCaP, 
the rates of PSM and BCR are comparable for 
each modality. Pierorazio and colleagues?? 
compared PSM, BCR, and lymphadenectomy 
data from 913 patients with HRCaP at a single 
high-volume institution who underwent RRP or 
MIRP (encompassing both RALP and LRP). PSM 
rates were similar for RRP and MIRP overall 
(29.4% vs 31.8%; P = .53) and for pT2 disease 
(1.9% vs 2.9%; P = .6). In a multivariable logistic 
regression controlling for age, PSA, Gleason 
score, and clinical and pathologic stage, RALP 
was not associated with BCR (P = .359). Of 
note, a greater number of lymph nodes were 
removed via the open approach (median of 8 vs 


RRP vs RALP 


6; P<.001). Although the cohort was well matched, 
the authors acknowledge the possibility of selec- 
tion bias, given that 92% of patients had only 1 
high-risk feature and a greater number of HRCaP 
in RRP patients was based on Gleason score 
(40.3% for RRP vs 33.0% for RALP). Other 
single-institution studies of HRCaP have found 
no difference in the PSM rate for RRP and 
RALP.?S24 Of note, Punnen and colleagues** 
report that 37% of high-risk patients undergoing 
RALP did not receive pelvic lymphadenectomy, 
compared with 5% in the RRP cohort, whereas 
Harty and colleagues? report that 44% of RALP 
patients and 62% of LRP patients with high-risk 
disease did not undergo lymphadenectomy. 

Oncologic outcomes are generally excellent for 
both RALP and RRP. Single-institution studies, 
typically from expert RP surgeons, have not 
consistently demonstrated a clear oncologic 
outcome difference between RALP and RRP. On 
the other hand, available data from SEER-Medi- 
care'® and the Victorian Prostate Cancer Regis- 
try’? have suggested lower rates of PSM and 
adjuvant therapies among men undergoing RALP 
than those undergoing RRP. A likely explanation 
for the lack of consistency is that PSM is surgeon 
dependent rather than modality dependent. 
Critical to oncologic and functional outcomes is 
developing the optimal plane between the neuro- 
vascular bundles and prostatic capsule. Err too 
close to the capsule and PSM will increase; stay 
too far from the capsule and functional outcomes 
will suffer. The surgical robot is a tool that can 
assist a surgeon with exposure and visibility, but 
the greatest determinants of oncologic and func- 
tional outcomes are likely the skill and experience 
of the surgeon. Some believe that, for young 
surgeons without extensive experience in either 
robotic or open surgery, oncologic outcomes for 
RALP are superior to RRP, as has been reported 
by Di Pierro and colleagues.*° The authors report 
the results of 150 consecutive patients (75 RRP, 
75 RALP) who underwent surgery early in the 
robotic experience at a single institution between 
2007 and 2009, finding men who underwent 
RALP to have lower rate of PSM than those 
who underwent RRP (16% vs 32%, respectively; 
P = .0016), especially for patients with pT2 dis- 
ease (8.3% vs 24.1%; P = .0107). If other studies 
reproduce this improvement in the learning curve, 
it could be the greatest contribution of RALP to 
surgery for prostate cancer. 


LYMPH NODE DISSECTION 


In the early RALP experience, robotic pelvic lym- 
phadenectomy (PLND) was limited in its extent?® 
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and underutilized*”:*> compared with open PLND. 
Hu and colleagues*® analyzed SEER-Medicare 
linked data for men undergoing RP between 
2004 and 2006, finding that 87.6% of men under- 
going RRP had PLND compared with 38.3% for 
men undergoing RALP or LRP (P<.001). Most 
studies assessing lymph node yields have 
documented higher yields from RRP than 
RALP.?°:22-31 As Silberstein and associates note, 
the extent of lymph node dissection is at the 
discretion of the surgeon, and variation in nodal 
yields likely reflect differences in surgeon prefer- 
ences and pathologic processing rather than limi- 
tations characteristic of the robotic approach.*! 
Recent reports from experienced robotic surgeons 
suggest that the extent of robotic PLND is compa- 
rable with open PLND in experienced hands.°*** 

Complications associated with PLND, such as 
lymphocele,*° thromboembolism,°° or intraopera- 
tive complications (eg, obturator nerve injury), are 
germane to both modalities.°*°” No study has 
directly compared complication rates of PLND 
between modalities, and comparison between 
the 2 modalities would be difficult because the 
most common complication of PLND—lympho- 
cele—has been reported in more than 50% of pa- 
tients undergoing PLND.®*° Thus, differences in 
rates of lymphocele primarily depend on the will- 
ingness of the surgeon to search for them rather 
than operative technique. One may conclude that 
complications with PLND are uncommon after 
both RALP and RRP with little, if any, difference 
in complication rates between the two. 


PERIOPERATIVE OUTCOMES 


With the advent of robotic technology, investiga- 
tors studied whether complication rates 
decreased after RALP. Single-institution case se- 
ries, metaanalyses, and population-based studies 
of administrative datasets have been undertaken 
to determine how RALP compares with RRP 
regarding perioperative outcomes. Trinh and col- 
leagues' compared the rates of blood transfu- 
sions, perioperative complications (based on 
International Classification of Diseases, 9th edi- 
tion, diagnostic codes), prolonged length of stay 
(pLOS), and in-hospital mortality between men un- 
dergoing RALP and RRP in the Nationwide Inpa- 
tient Sample, which includes hospital discharge 
data for more than 8 million hospital discharges 
since 2009. After adjusting for patient characteris- 
tics (age, race, Charlson Comorbidity Index, year 
of surgery, insurance status) and hospital charac- 
teristics (volume, academic vs private hospital, 
location) using propensity score matching, men 
who underwent RALP had a lower transfusion 


rate (OR, 0.34; 95% Cl, 0.28-0.40), were less likely 
to experience an intraoperative complication (OR, 
0.47; 95% Cl, 0.31-0.71), postoperative complica- 
tion (OR, 0.86; 95% Cl, 0.77-0.96), or a pLOS (OR, 
0.28; 95% Cl, 0.26-0.30) than men undergoing 
RRP. No difference was seen in in-hospital mortal- 
ity (OR, 0.21 for RALP vs RRP; P = .168) In 2 pre- 
vious studies of SEER-Medicare data,°°°° no 
difference was seen between MIRP and RRP 
(OR, 0.95; 95% Cl, 0.77-1.16), a fact that Trinh 
and colleagues attribute to the lack of the 
robotic-assisted modifier code in the former study 
and the earlier time of the study, before the full 
maturation of the robotic experience. Recently, 
an updated analysis of perioperative complica- 
tions between RALP and RRP in SEER-Medicare 
data was reported. The authors reported similar 
rates of overall complications and readmissions 
for each modality, and similar to Trinh and col- 
leagues, men undergoing RALP had lower transfu- 
sion rates and a lesser likelihood of pLOS.*° 

Results from administrative datasets represent 
accumulated results from multiple practice set- 
tings, in which the surgeons are often not experts 
and the hospitals often not high-volume centers. 
Conversely, Pierorazio and colleagues“! com- 
pared perioperative complication rate and pLOS, 
defined as length of stay at the 98th percentile or 
below, among men treated at a single, high- 
volume center by expert surgeons over a 20-year 
period, finding that men who underwent RRP 
were less likely to experience pLOS than men 
who underwent RALP (1.20% vs 4.01%; P<.001). 
The majority of men experienced pLOS owing to 
ileus. Interestingly, in this center, patients who un- 
derwent RALP were more likely to develop ileus 
(P<.001), experience a urine leak (P = .009), and 
require blood transfusion (P = .01). Surgeon expe- 
rience (HR, 0.98; P = .02), African-American race 
(HR, 1.92; P = .004), and RALP (HR, 2.23; 
P<.001) were significantly associated with pLOS 
in multivariable analysis. These results, when 
considered in the context of other single-center 
studies, demonstrate the importance of surgeon 
and hospital experience in determining complica- 
tion rates and length of stay after RP, suggesting 
that experience may matter more than modality. 
The importance of institutional experience, which 
has been demonstrated in SEER-Medicare data 
as an important contributor to mortality rates after 
cystectomy,** likely also contributed to the low 
complication rates after RRP at this institution. 

In studies from centers specialized in RALP, 
significantly less blood loss and lower transfusion 
rates have been seen, although overall complica- 
tion rates are similar in many centers.?543-47 
Cumulative analyses of single-institution studies 


demonstrated significantly lower blood loss and 
transfusion rates for RARP compared with 
RRP.*° Of course, patient characteristics such as 
body mass index, comorbidities, prostate volume, 
prior surgery, and age were not considered in the 
cumulative analysis and may have influenced the 
results. Fewer bladder neck contractures have 
been reported with RALP than RRP in multiple 
studies,*°-*° although some authors have not 
found a difference.°° The incidence of bladder 
neck contracture after RALP (0.2%-1.6%) in re- 
ported series is lower than historical series of 
RRP (often >5%),°' although these results must 
be interpreted with caution; more recent studies 
have noted comparable bladder neck contracture 
rates between RALP and RRP.*° 


FUNCTIONAL OUTCOMES 
Urinary Continence 


The majority of publications regarding functional 
outcomes associated with surgical modality are 
retrospective reviews of single surgeon’s or single 
center’s experience. These studies have consider- 
able limitations.’ As RALP has become the pre- 
dominant modality for RP in the United States, 
patients who undergo RRP are poor RALP candi- 
dates owing to prior surgeries, aggressive disease 
characteristics, or body habitus. As a result, 
studies in these populations are biased in favor 
of RALP, and many of these biases (prior sur- 
geries, body habitus) are difficult to quantify in 
comparative studies. Few of these studies used 
validated questionnaires to assess postoperative 
return of continence or potency, and patients 
may overestimate their functional status in inter- 
views with their surgeons. 

A few studies of administrative datasets 
compare the urinary outcomes of men who un- 
dergo RP by surgical modality. Barry and col- 
leagues'° analyzed a survey sent to Medicare 
enrollees who underwent RP in 2008. A total of 
86% of men answered the questionnaire, which 
were completed between 343 and 558 days after 
surgery. A surprisingly high proportion of men 
had bothersome urinary incontinence (31.1% over- 
all), and after controlling for age, education level, 
and mental and overall health, men who 
underwent RALP were more likely to report moder- 
ate or big problems with urinary incontinence 
(P = .007). A major limitation of the study is that 
no preoperative information was available 
regarding health status or preoperative inconti- 
nence or erectile dysfunction, which in other ana- 
lyses of the SEER database have been lower in 
patients undergoing MIRP.°° Also, all men included 
in the study were Medicare enrollees, who 
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represent a minority of patients undergoing RP, 
which likely contributed to the high rate of bother- 
some urinary incontinence. Rather than using post- 
operative surveys, Hu and colleagues*® examined 
the SEER-Medicare claims file data for a diagnosis 
of urinary incontinence at least 18 months after 
surgery for men who underwent RP between 
2003 and 2007. These patients underwent RP 
before the robotic modifier was added to the 
SEER database, meaning that LRP and RALP 
were indistinguishable in the analysis and called 
MIRP. Men who underwent MIRP were more likely 
to be diagnosed with urinary incontinence 
18 months after surgery (based on diagnosis 
codes) than men who underwent RRP (15.9 vs 
12.2 per 100 person-years; OR, 1.3; 95% Cl, 
1.05-1.61) even after adjusting for baseline urinary 
incontinence. Importantly, no significant increase 
in rates of incontinence procedures were seen for 
men undergoing MIRP, and because it was well 
documented that men in the MIRP group had an 
higher socioeconomic status, the higher diagnosis 
rate may be reflective of closer follow-up in this 
population.°° 

A number of investigators have compared uri- 
nary continence outcomes between RRP and 
RALP in nonrandomized, single-institution series 
(Table 1). Ahlering and colleagues'® transitioned 
from RRP to RALP in 2002 and compared their 
RALP outcomes (after the learning curve matured 
by case 45) with the last 60 RRP cases. He re- 
ported equivalent urinary continence outcomes 
for both techniques, finding that 76% of men 
wore no pads after 3 months with RALP and 
75% with RRP. Di Pierro and colleagues”° re- 
ported urinary functional outcomes in patients 
who underwent RRP and RALP at a smaller center. 
These authors found improved 3-month conti- 
nence, defined as “no leakage at all,” with RALP 
compared with RRP (95% vs 83%; P = .003), 
although no difference was present at 1 year 
(89% vs 80%; P = .092). Ficarra and colleagues** 
used a validated questionnaire (the International 
Consultation on Incontinence Modular Question- 
naire for Urinary Incontinence [ICIQ-UI]) to assess 
continence, defining patients who reported “no 
leak” or leaking “about once a week or less” as 
continent. The authors found that 69% of men af- 
ter RALP to be continent at the time of catheter 
removal, compared with 41% after RRP (P<.001). 
At 12 months after surgery, 88% of men undergo- 
ing RRP were continent, compared with 97% of 
men undergoing RALP (P = .01). Krambeck and 
colleagues’ analyzed the early RALP experience 
at their institution. The authors included as a com- 
parison group men who underwent RRP during the 
same time period, matched in a 2:1 ratio of 
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Table 1 


Single-institution studies comparing continence after robotic-assisted laparoscopic radical 
prostatectomy (RALP) and radical retropubic prostatectomy (RRP) 


Continence 
Definition 


0 pads 


First Author, Year N 
Ahlering et al,'* 2004 


RRP, 60 
RALP, 60 
RRP, 75 
RALP, 75 
RRP, 105 
RALP, 103 
Krambeck et al,’ 2009 RRP, 588 
RALP, 294 
RRP, 116 
RALP, 64 


RRP, 100 
RALP, 200 


Di Pierro et al,2° 2011 0 pads 


Ficarra et al,^^ 2009 


Leakage 
<1 per week 


Geraerts et al,°? 2013 


Tewari et al,? 2003 


a Immediately upon catheter removal. 
b Median time to return of continence. 
Data from Refs.?7.13.25,44,52 


RRP:RALP based on age, preoperative serum 
PSA, clinical stage, and biopsy Gleason grade. 
The authors found no difference in urinary conti- 
nence at 1 year after surgery, but no earlier time 
point was available to assess early urinary conti- 
nence return. Tewari and colleagues? also found 
that men who underwent RALP recovered urinary 
continence more quickly at a median of 44 days, 
compared with 160 days for RRP (P<.05). Geraerts 
and colleagues°* performed a more granular anal- 
ysis of time to continence in men who underwent 
RP in a prospective study from a Belgian institution 
and entered a weekly outpatient pelvic floor 
muscle-training program. The authors suggest 
that the early return of continence may be related 
to surgical technique rather than patient selection, 
because men undergoing RALP regained conti- 
nence sooner than those undergoing RRP (16 vs 
46 days, respectively; P = .026), which remained 
significant in a multivariable analysis (HR, 1.522; 
P = .036) controlling for D’Amico risk group, 
nerve-sparing status, surgical margin status, pre- 
operative urinary incontinence, and body mass in- 
dex. The authors also assessed the difference in 
continence rates at 1, 3, 6, and 12 months, only 
finding a significant difference at 1 month. At 
1 year, 96% and 97% of men were continent after 
RRP and RALP, respectively.°* 

In a metaanalysis of single-institution series 
comparing RALP and RRP, Ficarra and col- 
leagues°® found that the rate of urinary inconti- 
nence was 11.3% after RRP and 7.5% after 


<1 pad per day 


Urinary Continence 
Rate (%) 


Continence Instrument 3 mo 12 mo 


Nonvalidated questionnaire 75 
76 


Nonvalidated questionnaire 83 
95 


Validated questionnaire 41° 
69° 
Nonvalidated questionnaire 


24-h pad test 


Third-party interview 


RALP at 12 months (OR, 1.53; P = .003). Of 
course, these results must be considered in the 
context of each individual series included in the 
analysis, each of which has its own definition of 
continence and postoperative data collection 
method. Furthermore, many of the studies report 
the experience at institutions with expert RALP 
surgeons, with only 1 institution reporting the 
experience from a center well known for RRP 
expertise. ’ 


Potency 


Comparing erectile function outcomes is compli- 
cated by lack of consensus for the definition of 
potency, by a large proportion of patients with 
suboptimal erectile function preoperatively, and 
by variation in surgical techniques to preserve 
potency among open and robotic surgeons. 
Although potency results in men with perfect pre- 
operative erectile function may be excellent after 
RALP and RRP, only 28% to 58% of men have 
perfect preoperative function.°* The series, which 
assessed potency outcomes, are largely the 
same as those that assessed continence out- 
comes, and thus the limitations germane to the 
single-institution comparisons for urinary inconti- 
nence also apply to potency. The majority of 
studies found a higher potency rate for men under- 
going RALP at 12 months (or faster recovery of 
potency) than those who underwent RRP 
(Table 2).*:25:4455.56 Of note, each of the studies 


Table 2 
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Single-institution studies comparing potency after robotic-assisted laparoscopic radical prostatectomy 


(RALP) and radical retropubic prostatectomy (RRP) 


Potency Rate (%) 


First Author, Year N Potency Definition Potency Instrument 3 mo 12 mo 


Rocco et al,°° 2009 Sufficient for 


intercourse 


RRP, 100 
RALP, 200 
RRP, 75 
RALP, 75 
RRP, 105 
RALP, 103 
Krambeck et al,’ 2009 RRP, 588 
RALP, 294 
RRP, 235 
RALP, 528 
RRP, 100 
RALP, 200 


Di Pierro et al,” 2011 Sufficient for 


intercourse 
Ficarra et al,^^ 2009 IEF-5 > 17 


Sufficient for 
intercourse 


Kim et al,°° 2011 


Sufficient for 
intercourse 
Tewari et al,? 2003 Presence of 


erection 


Abbreviation: IIEF, International Index of Erectile Function. 
a Median time to return of potency. 
Data from Refs. ?7.25,44,55,56 


included in the analysis only men who were potent 
preoperatively. Tewari and colleagues* found a 
shorter time to potency recovery after RALP than 
RRP at their institution (180 vs 440 days, respec- 
tively; P<.05). In a cumulative analysis of these 
studies, the 12-month potency was 52.2% after 
RRP and 75.8% after RALP (OR, 2.84; 
P = .002).°” When considering these results, one 
must again consider that the comparison is typi- 
cally performed at centers with preeminent RALP 
surgeons but not RRP surgeons. Furthermore, 
because many studies only include patients with 
perfect preoperative potency who underwent an 
ideal, bilateral, nerve-sparing procedure, unbiased 
comparison with potency rates in historical RRP 
series (which were typically not limited to these 
men) becomes difficult. As noted by Eastham, in 
a comparable series of patients who underwent 
RRP by a preeminent RRP surgeon, the rate of po- 
tency at 12 months was 79%, which is higher than 
the potency rate after RALP in the majority of re- 
ported series.*°° 

Studies of administrative datasets do not reveal 
a significant potency advantage to RALP, although 
methodologic restrictions limit their ability to do 
so. In the survey of SEER-Medicare patients who 
underwent RP conducted by Barry and col- 
leagues, '° there was no difference in the propor- 
tion of patients who reported problems with 
sexual function (89.0% after RRP vs 87.5% after 
RALP; P = .57). Even after adjustment for mental 
and overall health, age, and education level, no dif- 
ference in the likelihood of harboring moderate or 


Third-party interview 18 41 
31 61 


Nonvalidated 25 26 
questionnaire 68 


Validated questionnaire 
Nonvalidated 
questionnaire 


Interview 


Third-party interview 


big problems with sexual function (OR, 0.87; 
95% Cl, 0.51-1.49). However, in SEER-Medicare 
data, men treated from 2003 to 2007 were more 
likely to be diagnosed with erectile dysfunction at 
least 18 months after surgery if they underwent 
RALP rather than RRP (26.8 vs 19.2 per 100 
person-years, respectively; P = .009), although 
no greater rate of secondary procedures for erec- 
tile dysfunction were noted.®?® In the Health Profes- 
sionals Follow-up Study, 132 men who underwent 
RALP and 468 who underwent RRP completed the 
Expanded Prostate Cancer Index Composite 
(EPIC)-26 questionnaire after surgery.”° No differ- 
ence was seen between men undergoing RALP 
and RRP in patient-reported sexual function out- 
comes (P = .66). 

Is there a difference in sexual function outcomes 
after RALP and RRP? Although single-institution 
studies from RALP centers suggest that sexual 
function after RALP is better than after RRP, 
comparing RALP experts with RRP experts prob- 
ably yields comparable sexual function out- 
comes.* Results from SEER-Medicare data 
suggest slightly better outcomes after RRP, 
although significant methodologic restrictions limit 
our ability to interpret the data. Furthermore, the 
dates of treatment from 2003 to 2007 likely repre- 
sent the early robotic era, and a later analysis may 
alter the results. In the Health Professionals 
Follow-up Study, no difference in sexual function 
was found between the 2 modalities. Thus, one 
cannot conclude that 1 modality is significantly 
better than the other, and as has been previously 
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noted,°° potency outcomes are largely dependent 
on the expertise of the surgeon. 

Although the functional outcomes after RALP 
are similar to RRP, patients who undergo RALP 
may expect better results. Schroeck and col- 
leagues? surveyed men who had undergone 
either RRP or RALP at their institution between 
2000 and 2007, finding that men who underwent 
RRP were more satisfied with their functional 
outcome than those undergoing RALP (OR, 4.45; 
95% Cl, 1.9-10.4). The study included patients 
early in the robotic experience, possibly owing to 
irrational exuberance related to the advertising of 
RALP by the robotic device manufacturer. Even 
with the maturation of the robotic experience, 
long-term functional outcomes after RALP are 
similar to those of RRP, and patients should be 
counseled accordingly. 


SUMMARY 


Are surgical outcomes of RALP superior to those 
of RRP? Studies consistently report significantly 
lower blood loss with RALP, and many report a 
lower pLOS and bladder neck contracture rate. 
When assessing the trifecta outcomes (urinary in- 
continence, potency, and oncologic outcomes), 
the results seem to be highly surgeon dependent. 
Unfortunately, no prospective, randomized, con- 
trolled trials currently exist comparing the 2 
modalities directly. However, a well-designed, 
randomized trial is currently accruing patients in 
Australia and promises to give some insight on 
this important question.°' Yet in the current state, 
comparative efficacy of these surgical techniques 
will be limited to data sets as described in this re- 
view and subject to the limitations and biases 
inherent to these studies. In experienced hands, 
the surgical robot has proven itself to be an effec- 
tive tool in the performance of RP, although ulti- 
mately the skill and experience of the surgeon 
remain the greatest determinant of surgical 
outcomes. 
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KEY POINTS 


e Robot-assisted radical cystectomy with intracorporeal urinary diversion (ICUD) has made consider- 


able progress. 


e Long duration of operation was a major limitation when it was first adopted, but results from 


selective centers are encouraging. 


e Reduced complications, readmissions, and mortality rates are key benefits that have been reported 


for ICUD. 


e Sequential case number and mentored training in high-volume centers can help robotic surgeons to 


incorporate ICUD in their practices. 


INTRODUCTION 


Nearly a decade ago Menon and colleagues’ re- 
ported the first robot-assisted radical cystectomy 
(RARC). This development was much anticipated 
after the success of robotic technology for perform- 
ing radical prostatectomy. Open radical cystec- 
tomy (ORC) remains the gold standard treatment 
of localized muscle invasive bladder cancer; how- 
ever, the use of a minimally invasive approach is 
advocated to reduce the morbidity and mortality 
associated with the open technique.*° Use of 
robotic technology allows the surgeon to perform 
delicate operative steps in the confined pelvic 
space with precision and accuracy; steps that 
may be difficult to perform with open or conven- 
tional laparoscopic approach.* In addition, 
the 10-times magnification and EndoWrist technol- 
ogy provide an ideal platform to perform an 


intracorporeal urinary diversion, which would allow 
the procedure to be performed in a minimally inva- 
sive way, and may eventually reduce the complica- 
tions of a morbid procedure. Soon after RARC, the 
first robot-assisted intracorporeal neobladder was 
reported by Beecken and colleagues.* Despite an 
early report of intracorporeal urinary diversion 
(ICUD), it was selectively performed. Increase in 
operative time, lack of expertise with the new tech- 
nology, and the learning curve for the extirpative 
part of the procedure were the probable reasons 
for slow adoption of ICUD. With increasing exper- 
tise and better results more centers are performing 
ICUD, which is a logical progression after RARC, 
to prove its benefit. RARC with ICUD provides 
better operative outcomes compared to open sur- 
gery, with minimal blood loss, fluid shifts, and 
electrolyte disturbance, and a decrease in periop- 
erative morbidity.'° In addition, ICUD provides 
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better cosmesis and improved quality-of-life (QoL) 
outcomes.’ Most commonly performed ICUD in- 
cludes intracorporeal ileal conduit (ICIC) and intra- 
corporeal neobladder (ICNB) of the Studer type. 
This article presents the current status of ICUD 
and reviews the literature evaluating the operative 
and functional outcome parameters related to 
ICUD. 


OPERATIVE CONSIDERATIONS 
Intracorporeal Ileal Conduit (ICIC) 


Important surgical points of consideration from 
previously described techniques include: 


1. Port placement. In order to perform the ICIC, 
the postplacement for the RARC needs to be 
slightly higher (cranial) than that commonly 
used for robot-assisted radical prostatectomy. 
This placement allows the arms to adequately 
reach the bowel mesentery. The 6-port con- 
figuration includes placement of an additional 
12-mm port near the pubic symphysis. This 
port is used to perform the enteroenteric anas- 
tomosis using the GIA stapler. 

2. Marionette stitch. This stitch is place percuta- 
neously, using 150 cm (60 in) of 1 silk suture with 
a Keith needle. The needle is passed through 
the hypogastrium and through the distal end 
of the bowel segment; it is then brought back 
through the same location on the anterior 
abdominal wall. This stitch is kept untied to 
give free movement of the bowel segment dur- 
ing the creation of the conduit.° The marionette 
stitch is placed lower than the stoma site to 
improve ease of fourth arm manipulation.’ 


Intracorporeal Neobladder (ICNB) 


A large number of ICNB series have been reported 
by the Karolinska group, highlighting the key steps 
of the procedure. Similar to the ICIC, the port 
placement is important to allow access to the 
bowel mesentery. The following points are of spe- 
cial consideration while performing ICNB: 


3. Reducing the Trendelenburg. In case of a lim- 
itation to perform a tension-free urethroneo- 
bladder anastomosis, the Trendelenburg and 
break in the operating table should be reduced 
to allow mobilization of the mesentery deep into 
the pelvis, for a tension-free anastomosis. 

4. Use of traction stitches or loops. Some in- 
vestigators recommend performing the ure- 
throneobladder anastomosis before the bowel 
is configured into a pouch. In order to protect 
the anastomosis from any traction, it can be 


held securely on either side by passing a loop 
around the bowel. 


PERIOPERATIVE OUTCOMES AND 
COMPLICATIONS 


RARC with urinary diversion was introduced to 
decrease postoperative complications and improve 
convalescence. Despite these benefits ICUD was 
not popular with robotic surgeons. Factors that 
may have encouraged the recent attempts to incor- 
porate ICUD in RARC include: 


1. Standardization of RARC, promising oncologic 
outcomes and extended pelvic lymph node 
dissection (ePLND) technique. 

2. The ability of a robotic platform to facilitate the 
suturing maneuverability inherent in the intra- 
corporeal technique. 

3. Mostimportantly, performing the entire procedure 
intracorporeal results in decreased insensible fluid 
losses, early return of bowel function, and less 
incisional morbidity, because of the decreased 
bowel manipulation and exposure.® 


Intra Corporeal Ileal Conduit 


The data on perioperative outcomes have the lim- 
itation of not reporting the diversion time. Few 
studies have reported the time for diversion sepa- 
rately from overall operative time. In addition, it is 
difficult to differentiate complications of the extir- 
pative part of the RARC from the construction of 
the ICUD. The largest series of 100 robot- 
assisted ICUDs, by Azzouni and colleagues,’ 
reported a median overall operative time and diver- 
sion time of 352 and 123 minutes, respectively. The 
median estimated blood loss was 300 mL. The 
diversion time showed a decreasing trend from 
the first 25 to the last 25 patients. Infection 
was the most common complication (51 cases). 
The highest Clavien grade for the infectious 
cases was 2. Most of the infections (34 cases) 
were reported in the early postoperative period 
(1-30 days). The gastrointestinal (Gl) tract was 
the second most common organ system involved 
in the complications (86 cases). Despite being the 
second common cause of complications, no Gl 
or anastomotic leak was reported in the series, 
which could have been related to the ICUD. A 
decline in high-grade complications was noted 
over the relevant period (first 25 to last 
25 cases), in contrast with an increase in low- 
grade complications. To date, this remains the 
largest single-institution ICUD series. In contrast, 
the International Robotic Cystectomy Consortium 
(IRCC) reported 106 ICIC when comparing the 
ICUD with extracorporeal urinary diversion 


Robot-assisted Intracorporeal Urinary Diversion 


(ECUD) in the IRCC dataset.° With 61 cases of 
ICNB, the 90-day complication rate, readmission 
rate, and mortality favored ICUD. There were fewer 
high-grade complications reported in the patients 
having ICUD, with significantly fewer GI and infec- 
tious complications. Type of diversion (ICUD vs 
ECUD) was not associated with 90-day complica- 
tions and mortality on multivariable analysis. 

Collins and colleagues'® reported their out- 
comes of ICUD, with 43 cases of ICIC. The median 
overall operative time for ICIC was 292 minutes, 
with 1 case converted to open. The most common 
30-day complication was ureteroileal leak (21%) 
categorized as a high-grade complication. This 
complication was specific to the diversion. Gl 
complications were 14%, with most of them being 
conservatively managed. In the late follow-up 
period (30-90 days) diversion-related complica- 
tions included 1 case each of ureteroileal anasto- 
mosis stricture and ureteroenteric fistula. 

Other series of fewer cases of ICIC have been 
reported (Table 1, Tables 3 and 4). The operative 
times have shown a decreasing trend over the 
years, highlighting the improvements in operative 
standards for ICIC. However, this improvement is 
not specific to diversion time, so such an obser- 
vation should be treated with caution. 


Intracorporeal Neobladder 


Tyritzis and colleagues'' reported the outcomes of 
the largest series of patients having ICNB. The 
median operative time for these 70 patients was 
420 minutes with a conversion rate of 5.7%. Uro- 
sepsis (9%) and urinary tract infections (UTIs) 
(7%) were the most common causes of early and 
late complications, respectively. Three patients 
(4%) developed ureteroileal leak, whereas GI com- 
plications were reported in 4 patients within 
30 days of ICNB. One patient had the reservoir 
rupture during retrograde urethrography. The 


Table 1 
Perioperative outcomes for ICIC 


causes of diversion-related long term complica- 
tions (>30 days) included reservoir stones (2), 
ureteroileal anastomosis stricture (2), bowel ob- 
struction (1), and urethrovaginal fistula (1). 

In a series of 25 cases (23 neobladder and 2 ileal 
conduit), Canda and colleagues'* reported a mean 
operative time of 594 minutes with mean esti- 
mated blood loss of 429 mL. They reported 2 
cases of ureteroileal leak as early complications, 
whereas 5 patients had Gl- complications. Among 
late complications, 1 case each of urinary fistula 
and ileus was reported. The highest Clavien grade 
was 3b. In their series of 12 cases (3 neobladder 
and 9 ileal conduit), Pruthi and colleagues'® re- 
ported that the mean operative time was 318 mi- 
nutes, mean estimated blood loss was 221 mL, 
and mean length of stay was 4.5 days. One patient 
experienced UTI and 1 patient experienced 
migrated ureteral stent, within 30 days of surgery. 

In a series of 15 cases (7 ileal conduit and 8 neo- 
bladder) Goh and colleagues® reported median 
operative time (450 minutes for the conduit and 
450 minutes for the neobladder), median estimated 
blood loss (200 mL for the conduit and 225 mL for 
the neobladder), and median length of hospital 
stay (9 days for ileal conduit and 8 days for the neo- 
bladder). Infection was the most common compli- 
cation, with 5 (83%) reported cases. Two cases 
were bacteremia, 1 sepsis, 1 emphysematous py- 
elitis, and 1 UTI. The highest Clavien grade was 4b. 
All of the infections were in the early postoperative 
period. Genitourinary (GU) complications were 
26% (anastomotic urinary leak, urinary fistula, ure- 
teral stricture, and azotemia). The highest Clavien 
grade was 3b. Half of them were reported early 
and half were reported late after surgery. Four Gl 
complications were reported. Three of them were 
ileus and there was 1 case of Clostridium difficile 
colitis. The highest Clavien grade was 2. All of 
them were reported in the early postoperative 
period (Tables 2-4). 
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Patients EBL (mL), OOT (min), LOS (d), 
Series (n) Median (Range) Median (Range) __ Conversion _ Median (Range) 
Azzouni et al,’ 2013 100 300 352 9 
Jonsson et al,” 2011 9 350 (200-2200) 460 (325-561) 17 (6-72) 
Rehman et al,2 2011 9 258° (200-500) 346.2° (210-480) 14° (10-27) 
Bishop et al,'? 2013 8 225 360 9 
Goh et al,® 2012 7 200 (50-400) 450 (300-600) 9 (5-27) 
Balaji et al,2' 2004 3 250° (50-500) 691° (616-828) 7.3° (5-10) 


0 
0 
0 
0 
0 
0 


Abbreviations: EBL, estimated blood loss; LOS, length of stay; OOT, overall operative time. 
a Mean. 


Data from Refs. 7,8,20,21 
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Table 2 


Perioperative outcomes for intracorporeal neobladder 


Patients EBL (mL), 


OOT (min), LOS (d), 


Series (n) Median, (Range) Median (Range) Conversion _ Median (Range) 


Collins et al,1? 2014 67 
Jonsson et al,° 2011 36 625 (200-2200) 
Goh et al,ê 2012 8 225 (100-700) 
Sala et al,?? 2006 1 100 

Beecken et al, 2003 1 200 


500 (100-2200) 


Data from Refs.^®.8.19.22 


FUNCTIONAL OUTCOMES 
Health-related QoL 


Understanding the impact of treatment of bladder 
cancer and losing an organ is of utmost importance 
and ICUD is no exception. This understanding is 
achieved by using validated QoL questionnaires 
to identify the effects on relevant aspects of life.'* 
However, limited data exist for the type of diversion 
and the method (intracorporeal vs extracorporeal). 
In addition, there remains a lack of comparison 
between open and robot-assisted approaches. 
Yuh and colleagues’? reported QoL outcomes 
measured by using the Functional Assessment 
of Cancer Therapy-Bladder (FACT-BL) validated 
questionnaire. The study reported that QoL param- 
eters returned to baseline by 6 months. Using the 
Bladder Cancer Index (BCI) questionnaire, Poch 
and colleagues '° similarly reported return of urinary 
domain function to baseline within 1 month. About 
half of the patients had undergone ICUD (53%), 
and the BCI scores for ICUD returned to baseline 
sooner that the patients who had ECUD. In addi- 
tion, the estimation of body image perception 
was better for patients who underwent ICUD using 
the validated Body Image Scale (BIS). Aboumo- 
hammed and colleagues recently reported QoL 
for patients having open and robot-assisted 
radical cystectomy.'’ The study reported no dif- 
ference in QoL outcomes between open and 
robot-assisted approaches. In addition, in the 


Table 3 


415 (265-760) 4 
480 (330-760) 2 9 (4-78) 
450 (420-780) 8 (5-27) 
720 5 

510 — 


9 (4-78) 


comparison of the diversion type (ie, ECUD vs 
ICUD), both groups returned to their baseline 
scores by 6 months. The important aspect of this 
study was the 30-month follow-up duration, which 
allowed the assessment to be performed after an 
adequate perisurgical period to ensure a reliable 
understanding of QoL, as advocated in other 
studies for ORC.'® 


Continence and Sexual Outcomes 


The success of RARC with ICNB also needs to 
assessed, based on functional outcomes in terms 
of continence rates and sexual outcomes. As, 
ICNB is being performed in selective centers 
across the world, limited data are available. Tyrit- 
zis and colleagues'' reported functional outcomes 
of their 70 patients having ICNB. At 12-month 
follow-up, daytime and nighttime continence rates 
were 88% and 73% respectively. In addition, 81% 
of patients with nerve-sparing cystectomy were 
potent at 12 months, with 67% of women being 
sexually active after surgery. In their experience 
of 23 ICNB, Canda and colleagues '* reported day- 
time and nighttime continence rates of 67% and 
18% respectively. Most of these patients had 
nerve-sparing cystectomy (92%), despite low 
continence rates being noted. This may imply 
that nerve-sparing surgery has little effect on 
continence. Tyritzis and colleagues,'' found no 
difference in continence rates for patients having 


Perioperative outcomes for ICIC and neobladder (data reported combined) 


Patients (n) 


(Neobladder + EBL (mL), OOT (min), LOS (d), 


Series Ileal Conduit) Mean (Range) Mean (Range) Mean (Range) 


Schumacher et al,” 2011 
Canda et al,'? 2012 
Pruthi et al,'* 2010 


45 (36 + 9) 
25 (23 + 2) 
12 (3 + 9) 


669 (200-2200) 
429 (100-1200) 
221 (50-400) 


476 (325-760) 14 (4-78) 
594 (426-744) 10.5 (7-36) 
318 (258-438) 4.5 


Data from Refs. '*:13:27 


Table 4 
Diversion-related complications (organ system categories, Clavien grade, and early/late complications) 


Type of Complication as per Organ System Clavien Grade Early and Late 
Series Diversion (n) Total No. (%) GU (n) GI (n) Infectious (n) (Highest) Complications (n) 
Azzouni et al,’ Ileal conduit Infectious Hydronephrosis (6) Ileus (16) UTI (21) GI (3) GI (31) GI (5) 
2013 (100) 51 (31) Epididymitis (1) Intestinal fistula (1) Fungal GU (3) GU (14) GU (4) 
GI 36 (22) Liver dysfunction (1) infection (5) Infectious (2) Infectious (34) Infectious (17) 
GU 18 (11) GI bleeding (1) 
Goh et al,® Ileal conduit (7) Infectious Anastomotic urinary Ileus (3) Bacteremia (2) GU (3b) GU (2) GU (2) 
2012 Neobladder (8) 5 (33) leak (1) C difficile colitis (1) Sepsis (1) GI (2) GI (4) 
GU 4 (26) Urinary fistula (1) Emphysematous Infectious (4b) Infectious (5) 
GI 4 (27) Ureteral stricture (1) pyelitis (1) 
Azotemia (1) UTI (1) 
Schumacher Ileal conduit (9) GU 11 Ureteric stricture (3) Small bowel Abscess (1) GU (3b) GU (4) 
et al, 2011 Neobladder (36) GI 2 Urethrovaginal insufficiency (1) GI (3b) GI (1) 
Infectious 1 fistula (1) Aortojejunal Infectious (3a) Infectious (1) 
Enterocyle per fistula (1) 
vagina (1) 
Canda et al,!? Ileal conduit (2) GI5 Anastomotic urinary Nausea and UTI (4) GU (3b) GU (1) GU (2) 
2012 Neobladder (23) Infectious 4 leak (2) vomiting (3) GI (3b) GI (3) Gl (2) 
GU 3 Urinary fistula (1) Ileus (2) Infectious (2) Infectious (3) Infectious (1) 
Collins et al,'? Neobladder (67) Infectious 19 Ureteroileal Paralytic ileus (2) Urosepsis (6) GU (3b) GU (5) GU (10) 
2014 GU 15 stricture (3) Obstructive ileus (2) Wound GI (3b) GI (3) GI (1) 
GI 4 Hydronephrosis (3) infection (1) Infectious (4b) Infectious (12) Infectious (7) 
High residual urine 
Bishop et al,?° Ileal conduit (8) GI 4 — Ileus (2) — GI (2) — — 
2013 C difficile colitis (1) 
Ulcerative colitis (1) 
Rehman et al,? Ileal conduit (9) GI 1 Necrosis of ileal GI (3b) 
2011 conduit (1) 


Pruthi et al,'? Ileal conduit (9) GU 1 Migrated ureteral — UTI (1) GU (1) 
2010 Neobladder (3) Infectious 1 stent (1) Infectious (1) 


Balaji et al?! Ileal conduit (3) GI 1 — Ileus (1) — 
2004 


Data from Refs 2,7,8,12,13,19-21,23 
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nerve-sparing and 
(88.2% vs 88.9%). 


non-nerve-sparing ICNB 


LEARNING CURVE 


Rapid adoption of ICUD requires clear under- 
standing of the learning curve associated with 
this technique. The way to succeed in effectively 
including ICUD in the armamentarium of a mini- 
mally invasive surgeon is by approaching it in 2 
steps. First and foremost is to gain expertise at 
performing the extirpative part of the procedure 
and overcome the learning curve of RARC. Reduc- 
tion in the cystectomy time and intraoperative 
complications, should be followed by adopting a 
mentored approach to perform ICUD. A nonmen- 
tored approach is likely to take additional time at 
establishing the skills for ICUD. 

The largest series of ICIC, by Azzouni and col- 
leagues,’ reported a decreasing diversion time 
with subsequent cases. Although no cutoff num- 
ber of cases for flattening the learning curve was 
determined, a decrease in diversion time from 
the first 25 to the last 25 cases was noted. This 
decrease means that subsequent cases improve 
understanding of the technique, not only for the 
surgeon but also for the operating room staff, 
which results in a smooth flow of the procedure 
and reduces diversion time. 

Collins and colleagues'® evaluated the learning 
curve for ICNB for 2 surgeons at a single center. 
The junior surgeon was mentored during his 
20 cases. There was a decline in operative time, 
and conversion and complication rates from the 
first 10 to the last 10 cases. However, the study 
did not report and analyze the duration of diversion 
separately, and was unable to specify the numbers 
required to overcome the learning curve and 
achieve adequate outcomes. Despite the short- 
comings, the study clearly showed that dedicated 
mentored training in a high-volume center can 
affect the outcomes of ICNB. 


FUTURE DIRECTIONS 


Encouraging results from data presented to date 
clearly highlight the direction in which progress 
needs to be made for performing ICUD. Future 
studies are needed to explore the learning curve 
for ICUD. Surgeons need to report diversion times 
separately, along with complications specific to 
urinary diversions. It is critical to identify the fac- 
tors affecting the learning curve for ICUD, and 
the number of cases with acceptable outcomes. 
Functional outcomes and QoL assessment need 
to be performed in larger cohorts of patients for 
better understanding. Randomized studies could 


provide better answers to some of these concerns. 
Improving the techniques of robotic surgery re- 
mains an area for all robotic surgeons to work on 
and accelerate the incorporation of ICUD into 
RARC, making it a complete minimally invasive 
procedure. 


SUMMARY 


Current data report better outcomes for ICUD in 
terms of perioperative, complications and func- 
tional outcomes. Sequential case numbers and 
mentored training can help achieve the desired 
goals. Nerve-sparing cystectomy with ICNB can 
help patients retain better sexual functions. 
Despite initial difficulties, ICUD has come a long 
way since the early days of RARC, and is likely 
to become a permanent part of minimally invasive 
radical cystectomy. 
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KEY POINTS 


e Robotic partial nephrectomy is no longer an emerging field but has been widely accepted as a safe 
and appropriate management technique for small renal masses. 

e Future directions for robotic partial nephrectomy include identifying patient-specific outcomes to 
measure improvement. The pentafecta assessing both early and late outcomes may provide this 


road map for comparison. 


e The usage of technologic advances, patient selection, and pathway creation will provide further im- 
plementation of this technology and continue to improve surgical results. 


Robotic partial nephrectomy (RPN) has been 
widely adopted for the management of renal 
masses amenable to extirpative surgery. Its role 
in providing the advantages of a minimally invasive 
procedure while still safely sparing nephrons has 
led to increased adoption.' As this technology 
has been adapted in many high-volume institu- 
tions, several techniques and technologies have 
been implemented to provide improved out- 
comes; the nomenclature to ensure obtaining 
these goals is also evolving. Fig. 1 demonstrates 
a timeline of advances that have occurred 
throughout the development of RPN. 

The trifecta is an established gambling term for 
describing prediction of the exact order of the first 
3 horses finishing a race. This terminology has 
been adapted to describe outcomes of patients 
undergoing RPN. As described from the University 
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of Southern California Group, the trifecta in RPN 
includes negative margins, no urologic complica- 
tions, and a minimal decrease in renal function 
postoperatively. They found a trend toward an 
increased rate of trifecta with their most recent pa- 
tients; however, the range of patients achieving 
this outcome was between 44% and 68%.? Early 
reports of trifecta outcomes demonstrate that 
using the robotic platform seems to improve the 
likelihood of obtaining these. Khalifeh and col- 
leagues? note that RPN is much more likely to pro- 
duce trifecta outcomes than a strict laparoscopic 
approach with an increase from 32% to 59% of 
patients. 

Although the achievement of a trifecta may pro- 
vide early indicators of surgical success, patients 
inevitably requires further follow-up to assess the 
success of these elements. Negative cancer 
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Fig. 1. Overall timeline for RPN. ICG, indocyanine green; LPN, laparoscopic partial nephrectomy; PDE-5, phospho- 


diesterase type 5. 


margins do not necessarily correlate with long-term 
oncologic control. Although minimizing urologic 
complications is a goal, patients who experience 
any complication may not feel as if they have 
received a trifecta-worthy procedure. The authors, 
therefore, think the goal of performing RPN should 
be a pentafecta, which encompasses not only the 
trifecta but also includes long-term maintenance 
of preoperative renal function and freedom from 
cancer recurrence. In addition, avoidance of all 
complications is required not just pertaining to the 
urologic subset. In order to achieve a pentafecta 
outcome, there are several necessary compo- 
nents: a technically sound procedure, an appro- 
priate patient selection, care pathway-—guided 
perioperative management, and long-term conti- 
nuity of care and follow-up. This review highlights 
these emerging techniques and their role in 
improving patient outcomes for RPN, particularly 
in establishing outcomes leading to a pentafecta. 


PATIENT SELECTION AND IMMEDIATE 
PERIOPERATIVE MANAGEMENT FOR 
PREVENTION OF COMPLICATIONS 


With only 80% of small renal masses identified on 
computerized tomography being malignant le- 
sions, identifying the appropriate patients to un- 
dergo surgical procedures would minimize undue 
morbidity. Although it was initially reported that 
there was a poor concordance between renal 
mass biopsy and final pathology, recent reports 
have demonstrated improved diagnostic accuracy 


of the renal biopsy in establishing a pathologic 
diagnosis. An agreement between biopsy and final 
pathology was 92% in a recent publication by Hal- 
verson and colleagues,* and this was associated 
with 100% positive predictive values for a treat- 
ment algorithm based on the biopsy. 

In optimizing outcomes, the perioperative 
patient management also plays a significant role 
in ensuring safe and reliable care. Several 
groups have established care pathways, creating 
standardization in perioperative management 
and smooth transitions for patients between the 
hospital and their return home. Abaza and Shah® 
described a pathway including the minimization 
of narcotics, cessation of drain usage, immediate 
postoperative ambulation, early induction of a 
clear-liquid diet, and urethral catheter removal on 
postoperative day 1 following RPN. Through the 
use of the pathway, 97% of patients could be 
discharged from the hospital on postoperative 
day 1, with only a 2.7% readmission rate. The im- 
plementation of the pathway and date of surgery, 
as noted in the series from Patel and colleagues,° 
was the only predictor of early discharge. In these 
patients, once again, a low readmission rate was 
documented. 

Complication rates following RPN are in the 15% 
to 25% range based on the definition of complication 
used, whether this is a strict deviation from the clin- 
ical course or if this is only a complication requiring 
further management.” Pentafecta achievement 
requires a smooth perioperative course by minimi- 
zing deviation from the established clinical course 


and understanding the potential complications 
before their development. 


MINIMIZING WARM ISCHEMIA TIME 


The role of minimizing ischemic time during tumor 
excision has been an evolving process. Historical- 
ly, a maximum of 30 minutes of warm ischemia 
time was the goal, although data supporting this 
time point are poorly substantiated.° Clinical evi- 
dence in a porcine model demonstrates safety 
up to 90 minutes with selective clamping'®; in 
humans, outcomes with 55 minutes of ischemia 
seem to have minimal long-term functional loss. '' 
In the authors’ experience, they noted 5 Qs 
responsible for the maintenance of renal function: 
(1) quality of residual tissue, (2) quantity of residual 
nephron mass, (3) quickness in resection, (4) qual- 
ity noncompressing renal reconstruction, and (5) 
qualitative use in clamping techniques. These Qs 
are highlighted to ensure adequate long-term renal 
functional outcomes and are of particular concern 
in solitary kidneys or in patients with preexisting 
chronic kidney disease. Smith et al.'* reported 
zero ischemia or unclamped procedures in open 
partial nephrectomy. Gill and colleagues'* pio- 
neered these techniques in minimally invasive 
surgery, although this initially required a compli- 
cated coordinated effort with the anesthesiolo- 
gists involving pulmonary artery monitoring and 
transesophageal echocardiography with which 
they were able to create hypotension that corre- 
sponded to resection of the deepest part of the tu- 
mor. In this early cohort of patients, they found no 
change in serum creatinine or estimated glomer- 
ular filtration rate (eGFR) at the time of discharge. 
Subsequent descriptions of zero ischemia did 
not include the invasive monitoring or temporal hy- 
potension. Rizkala and colleagues'* have used a 
preplaced suture that is used during an unclamped 
procedure when bleeding is encountered. Novak 
and colleagues? have noted that, in 22 patients 
without hilar clamping, there was only one transfu- 
sion and most patients were stable for discharge 
on postoperative day 1. Krane and colleagues'® 
performed an unclamped RPN and compared out- 
comes with clamped procedures and did not note 
any increase in perioperative morbidity. 
Techniques for surgical excision with selective 
versus global ischemia have also been described. 
Using the high 10 x magnification of the davVinci 
surgical system, there is an ability to perform 
tumor-specific devascularization without global 
ischemia to the kidney. In a recent multi-institu- 
tional analysis, Desai et al note that in patients 
undergoing selective devascularization, the per- 
centage decrease in the estimated decrease in 
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glomerular filtration rate was 17% for the global 
ischemia group versus 11% in the selective devas- 
cularization. They did find a increase in transfusion 
rate (24% vs 6%) and operative duration (71 mi- 
nutes) for the super selective clamping, and also 
noted similar renal parenchymal preservation be- 
tween the two groups. |’ 

An initial multi-institutional analysis of selective 
ischemia also found that this could improve early 
renal functional outcomes. '® Hsi and colleagues '° 
also reported that, in the immediate postoperative 
period, the renal functional was better preserved in 
the selective ischemia group; however, at a me- 
dian of 6.6 months of follow-up, there was no sta- 
tistical difference between global and selective 
ischemia. 

Whether or not short-duration ischemia truly im- 
pacts renal function postoperatively has been the 
subject of intense debate. Recent publications 
have highlighted that the most important determi- 
nant of long-term renal function is volume preser- 
vation. The authors’ group assessed unclamped 
partial nephrectomies in a nonrandomized fashion. 
They did not find a statistically significant differ- 
ence in the long-term follow-up for unclamped 
versus Clamped (either with artery and vein or sim- 
ply the artery) procedures. '° No randomized trials 
have been created to assess the long-term renal 
functional data or oncologic outcomes in order to 
assess the overall superiority or inferiority of an un- 
clamped or selective devascularization procedure 
compared with the clamping technique. 

To improve perioperative renal function, other ad- 
juncts have been used. Rogers and colleagues?’ 
have described intraoperative cold ischemia. Using 
a gel-port, they were successful in placing ice slush 
directly on the kidney during hilar clamping and tu- 
mor excision. An added benefit of this technique is 
the ability to remove the tumor very quickly through 
this port, allowing for immediate pathologic analysis 
with margin assessment. Olweny and colleagues? ' 
have adopted the use of hyperspectral light imaging 
to assess renal oxygenation during RPN. They 
found that baseline renal hemoglobin oxygenation 
was inversely associated with preoperative eGFR 
and eGFR at the most recent follow-up, opening 
the door for more exploratory studies with this tech- 
nology. The authors’ group is currently investigating 
pharmacologic treatment to minimize the delete- 
rious effects of warm ischemia. They are in the 
midst of assessing the role of immediate preopera- 
tive oral sildenafil in a randomized placebo- 
controlled trial with a primary end point of the 
difference between groups in terms of the 3-month 
change in eGFR. The role of statins in the prevention 
of early and long-term renal functional outcomes 
has also been described.** 
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INDOCYANINE GREEN DYE AND NEAR- 
INFRARED FLUORESCENCE FOR 
IDENTIFICATION OF RENAL VASCULATURE, 
MINIMIZING ISCHEMIA, AND DECREASING 
MARGIN RATE 


Indocyanine green (ICG) dye is a well-described 
adjunct to surgical procedures, having been used 
in hepatic and ophthalmologic surgeries exten- 
sively. The incorporation of a near-infrared fluores- 
cent camera on the daVinci Si robotic platform has 
allowed this technology to be introduced into 
minimally invasive urologic oncology. ICG is a 
water-soluble dye, which is highly protein bound 
following intravascular injection. When bound to 
protein, it is almost completely restricted to the 
intravascular space. Additionally, ICG is hepati- 
cally cleared; it poses no threat to renal functional 
outcomes and it is not restricted in patients with 
renal insufficiency. 

The intravascular distribution of the ICG makes it 
an ideal molecule for selective arterial clamping. 
Following injection of the dye, within seconds, the 
kidney is hyperfluorescent with intravascular ICG. 
Therefore, injection following selective or superse- 
lective clamping of the tertiary or quaternary arteries 
demonstrates perfusion to the remainder of the 
kidney but not the areas supplied by the clamped ar- 
tery. This practice ensures only regional rather than 
global ischemia. Borofsky and colleagues'® per- 
formed a multi-institutional retrospective analysis 
of this procedure and described the feasibility of 
this. In addition, they noted that in match-paired 
analysis comparing ICG with selective clamping to 
patients with global ischemia, there were signifi- 
cantly improved short-term renal functional out- 
comes with a decrease of —1.8% of GFR with ICG 
versus — 14.9% without ICG and selective clamping. 
Harke and colleagues** have performed a similar 
matched-pair analysis with 22 patients undergoing 
selective arterial clamping and, once again, found 
a short-term decrease in eGFR to be statistically 


significantly less following ICG injection and selec- 
tive clamping. 

Bilitranslocase is a transporter molecule located 
on the proximal tubule, and it has been reported to 
be downregulated in small renal masses. Following 
injection of the ICG, these masses appear hypo- 
fluorescent when compared with the normal renal 
parenchyma. An image of a clear cell renal carci- 
noma before and after ICG administration is seen 
in Fig. 2. The reliability of this downregulation and 
the ability for ICG to routinely identify malignancy 
has been called into question. In their retrospective 
analysis of 100 consecutive cases with ICG admin- 
istration, Manny and colleagues“? found that, in hy- 
pofluorescent masses, the sensitivity was only 
84% and the specificity was just 57%. For clear 
cell renal carcinoma, there was 96% concordance 
noted with hypofluorescence; this was also seen 
from another institution.2° 

ICG has proven to be a useful surgical adjunct to 
the RPN, but the true utility in terms of patient out- 
comes is still debated. In 94 patients, Krane and 
colleagues*° performed the largest comparative 
study of ICG in a nonrandomized retrospective 
analysis. There was a statistically significant 
improvement in warm ischemia time from 17 to 
15 minutes, but the clinical utility of this is debat- 
able as the margin rate and complications were 
similar in both cohorts. ICG is clearly an emerging 
technology in RPN, but how this technology will fit 
into improving specific patient outcomes has not 
been fully identified.” 


SINGLE PORT AND LAPROENDOSCOPIC 
SINGLE SITE SURGERY (LESS) RPN 


The utility of the robotic format for adapting single- 
site surgery has been adopted by multiple groups. 
Single-site laproendoscopic surgery has been 
advocated because of the improved cosmesis 
and potential for earlier return to normal daily activ- 
ities. In this technique, however, there is an 


Fig. 2. A clear cell renal carcinoma seen on white light (A) remains hypofluorescent following injection of ICG (B). 


increased risk for collision of the robotic arms; often 
retraction is compromised because of the lack of a 
fourth arm. Pneumoperitoneal leakage is also re- 
ported. The initial studies for applying LESS to 
RPN were successfully demonstrated by the 
Cleveland Clinic team.?® 

Thereafter, adoption of this into a robotic platform 
has been reported by several centers. Tiu and col- 
leagues?’ described robotic single-site surgery in 
67 consecutive patients. In their analysis, which 
compared 20 patients with renal masses greater 
than 4 cm to 47 with smaller masses, they found 
no difference in the risk of perioperative complica- 
tions or positive surgical margin. However, in a 
retrospective study, they did find that in these larger 
mass tumors, the single-site RPN does not alter 
changes in postoperative renal function between 
the two tumor size groups; but they did have a slight 
increase in warm ischemia time for the larger 
masses. The only group to describe intermediate- 
term outcomes for Robotic-LESS surgery was Tiu 
and colleagues.”° They noted that at a minimum of 
a 2-year follow-up, there was no statistically signifi- 
cant change in eGFR and also that there was only 
one positive surgical margin in their cohort of 39 
patients. 

In a multi-institutional retrospective analysis of 
patients undergoing conventional RPN versus 
single-incision RPN, Komninos and colleagues°° 
found that the likelihood of obtaining a trifecta 
outcome was significantly less likely in the single- 
site RPN, with only 25.6% of single site versus 
42.7% of conventional robotic nephrectomy pa- 
tients obtaining this result. In this study, the authors 
report that, in patients who hada single-site incision, 
there was a statistically significant increase in oper- 
ative time (25 minutes), 6 more minutes of warm 
ischemia time, and a 7% larger decrease in long- 
term eGFR when compared with conventional RPN. 

As with other advances and emerging tech- 
niques for RPN, the utility of this approach in 
affecting patient outcomes has not been fully 
described. Additionally, none of these studies 
have been conducted with the newest version of 
the daVinci Xi. As the robotic technologies continue 
to evolve, the safety and efficacy of single-site RPN 
will need to be constantly updated to ensure sur- 
geons continue to hold themselves to the high stan- 
dards previously established. 


INTRAOPERATIVE ULTRASOUND AND TILE- 
PRO 


Intraoperative ultrasound is a critical adjunct to pro- 
vide information concerning renal tumor anatomy, 
depth of penetration into the parenchyma, vascular 
anatomy, and the relationship of the pelvicaliceal 


Robotic Partial Nephrectomy 


system on the robotic console using the Tile-Pro in- 
tegrated software. Ultrasound guidance is helpful in 
identifying the tumor margin which is then scored at 
the capsule around the tumor prior to resection. 
The ultrasound also allows the surgeon assess 
quality of tissue surrounding the renal mass, 
viewing the real time images within the surgical 
console.*' The development of the ProArt drop-in 
robotic ultrasound probe has provided new tech- 
nology for the surgeon to use during RPN. The 
wristed instruments associated with the robotic 
platform have rendered the drop-in robotic probe 
more useful in providing surgeon autonomy.°?:°% 
This autonomy prevents instrument clashes be- 
tween the surgeon and bedside assistant. 

Further evaluations of the role of intraoperative 
ultrasound for RPN have demonstrated many po- 
tential uses. In the first description of using 
contrast-enhanced ultrasound, Rao and collabora- 
tors°* used this technology to assess the feasibility 
of selective arterial clamping. Using SonoVue, they 
were able to assess the success of selective arterial 
clamping, document the lack of perfusion in the 
renal mass at the time of excision, and avoid global 
ischemia during tumor excision. 


RECONSTRUCTION OF RENAL DEFECT 


Initial reports of renorraphy were described using a 
sliding Weck clip (Teleflex, Research Triangle 
Park, NC) technique, which allowed for bolstering 
of the defect with the use of rolled Surgicel (Ethi- 
con, Somerville, NJ) bolsters.°° The LapraTy (Ethi- 
con) absorbable clip helped in the performance of 
renorraphy.°° The initial use of the Surgicel bolster 
technique in the closure of parenchymal defects 
has evolved and is no longer used. Kaouk and col- 
leagues,°’ in the series of 252 RPNs, reported min- 
imal bolster usage and continue to have no change 
in outcomes. 

By no longer using plastic nonabsorbable clips, 
the authors have been able to prevent clip migra- 
tion following the dissolution of the absorbable su- 
ture. Clip migration has been associated with the 
development of nephrolithiasis*® and bowel migra- 
tion in several reports.°° In addition, nonabsorbable 
clips could produce imaging characteristics that 
could produce difficult radiologic interpretations.*° 

Cohen and colleagues“! have evaluated the use 
of fibrin sealants in perioperative outcomes. In 
this study, they did not find any adverse or advanta- 
geous effects of sealants and, therefore, recom- 
mended against their routine use. Surgicel 
placement could produce imaging abnormalities, 
including the appearance of a gas-containing infec- 
tion in the authors’ experience. In addition, it can 
induce granuloma formation or other toxicities.*7 
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Sundaram and colleagues have registered a 
clinical trial assessing the need for renorraphy. 
They are performing a randomized trial comparing 
the usage of just a base-layer running stitch with a 
formal renorraphy with a barbed suture. Their pri- 
mary outcome is the percentage of renal volume 
loss observed at 4 months following the proce- 
dure; however, renal functional changes and peri- 
operative safety will also be assessed. 

As mentioned earlier, in order to achieve the 5 
Qs responsible for the maintenance of renal 
function, the authors’ current technique of recon- 
struction of renal defects involves a 3-layer 
closure. Following cold tumor excision, the 
base of the parenchymal defect and any entry 
into the pelvicaliceal system is closed using a 
running 3-0 poliglecaprone 25 suture on an small 
half circle needle. This practice serves the pur- 
pose of oversewing any open vessels, or running 
a suture at the base takes care of all bleeders at 
the base that were feeding the excised tumor; 
this is the most important suture in this repair. 
It also allows for approximating the pelvicaliceal 
system, which prevents urinary leakage and 
urinoma. 

If there are large feeding vessels and major cali- 
ceal infundibulum, it can also be tackled with lapro- 
clip (Covidien, Dublin), which is an absorbable clip. 
When there is a large tumor base, it is advisable to 
sew vessels separately from pelvicaliceal system. 
The renal parenchymal defect is then brought 
together using additionally poliglecaprone suture 
or barbed suture (V-Loc, Covidien). Then the renal 
parenchyma is approximated with a 0 poliglecap- 
rone suture on a CT-1 needle. The sliding Lapro- 
clips are used to support the parenchymal closure 
on opposing ends. The authors have not found it 
important to cinch the repair very tightly to 
compress the parenchyma. 

The final layer is a reapproximation of the perire- 
nal and Gerota fascia covering the repaired kidney 
defect. The preferred suture for this is a barbed su- 
ture. In some case when complete mobilization of 
the kidney is undertaken, especially in thin 


patients, the authors think pexing kidney to ensure 
anatomic replacement of the kidney. The authors 
use hemostatic agents and surgical bolsters only 
sparingly. Ureteral catheterization is avoided in 
almost all cases. 


EXPANDING THE INDICATIONS FOR RPN 


Although initially described as a useful adjunct in 
the management of small renal masses, experi- 
enced robotic surgeons continue to expand its 
role for difficult cases. The utility of RPN in pT1b 
or larger tumors is well described. Several small 
series from single institutions have documented 
the safety in performing these procedures. The 
oncologic results have been promising in a short- 
term follow-up. Gupta and colleagues“? reported 
a case series of 19 patients and noted no recur- 
rences in 22 months. In a large multi-institutional 
series from 4 centers of excellence encompassing 
83 patients with renal masses larger than 4 cm, 
there was only one local recurrence noted in a pa- 
tient with a pT3a tumor who had a negative 
margin.** A pT1b clear cell renal cell carcinoma 
that underwent an RPN at the authors’ institution 
is seen in Fig. 3A. 

With the classification of renal masses using the 
RENAL nephrometry score, the standardization of 
the complexity of renal masses has been attemp- 
ted. By using this system, investigators have noted 
that even highly complex tumors (RENAL score of 
10 or greater) or hilar tumors can be safely 
removed using robotic assistance. Eyraud and 
colleagues? compared RPN for 70 hilar tumors 
with 294 patients with polar or nonhilar tumors. 
Although the operative time, warm ischemia time, 
and estimated blood loss were statistically higher 
in the hilar group, multivariate analysis did not 
demonstrate that the hilar location was associated 
with an increased risk of complication or change in 
renal function.*° Hilar tumors amenable to RPN are 


noted in Fig. 3B, C. For hilar tumors, Abreu and 
colleagues*° reported that an unclamped proce- 
dure can be performed safely. 


Fig. 3. Large (A) and hilar (B, C) tumors (red circle) amenable to RPN at the authors’ institution. 


Abaza and Angell*’ also described the utility of 
RPN in patients with tumor thrombus. In 4 patients 
with either intraparenchymal renal vein tributary or 
main rein vein thrombus, the safe performance of 
RPN has been described. The intermediate-term 
oncologic results of this procedure did demonstrate 
that there were 2 of 4 patients who developed met- 
astatic disease during their follow-up. Increasing the 
utility of RPN in all patient subtypes has also been a 
goal; investigators have published results on elderly 
patients, obese patients,*° and children.*? 

RPN has been used in removing multiple tumors 
from a single kidney. In a cohort of patients, most of 
whom had a hereditary renal cancer syndrome, 
Boris and colleagues°° found that they could safely 
perform multiple tumor excisions and were even 
successful in performing one-third of these without 
any renal vascular clamping. Abreu and col- 
leagues! compared the outcomes of a matched 
comparison of 33 single versus multiple renal tumor 
resections for patients undergoing minimally inva- 
sive partial nephrectomy.°' They found that, 
although there was a small increase in the duration 
of both the surgical procedure and postoperative 
hospital stay, the overall complication rate and 
postoperative eGFR were similar. 


AUGMENTED REALITY IN RPN 


Using augmented reality, one can overcome the 
loss of haptic feedback in robotic surgery by using 
preoperative imaging to superimpose onto the 
surgical field of view. This technique provides the 
surgeon the ability to incorporate visual informa- 
tion from the operative field with images previously 
obtained. Most of the early studies on this have 
been feasibility assessments; however, several 
in vivo studies produce exciting possibilities.°*°° 

Teber and colleagues” were able to fuse images 
from a mobile C-arm initially in a porcine model and 
subsequently a laparoscopic model to aid in port 
placement. In 10 patients, they found excellent 
concordance between images and patient anat- 
omy and performed margin-negative partial ne- 
phrectomy in all cases. Cheung and colleagues®° 
found that when comparing conventional visualiza- 
tion and a fusion system using ultrasound, a faster 
planning time for resection was achieved using the 
fusion visualization system in a simulated partial 
nephrectomy. 


NEW ROBOTIC SYSTEM 


The new daVinci Xi platform has been released. The 
Xi robot has boom-mounted, laser-guided arms for 
precise port placement, which could potentially 
reduce the difficulties found with arm collision. 
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Other advantages may be seen in patients 
with extreme body habitus, including obesity. 
Combined with new-energy-source integration 
and continuously changing instruments, the tech- 
nologic platforms are routinely improving. 


SUMMARY 


The technique of RPN continues to evolve, but the 
goals remain the same. The achievement of penta- 
fecta outcomes is difficult to obtain; however, sur- 
geons should continue to strive for this standard of 
excellence. The future continues to be bright for 
patients and surgeons alike in continuing to 
perform RPN. 
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KEY POINTS 


e Robotic nephroureterectomy with excision of the bladder cuff using a 2-docking approach is safe 
and feasible in treating upper urinary (VUTUC) tract urothelial carcinoma. 
e The robotic approach for UUTUC may offer increased visualization of vascular anatomy for an ac- 


curate lymphadenectomy. 


e Robotic distal ureterectomy and reimplantation using the 4-arm technique is safe and feasible and 
adheres to all principles of oncology and reconstruction. 


INTRODUCTION 


Upper urinary tract urothelial carcinoma (UUTUC) 
is an uncommon malignancy composing only 5% 
to 10% of all urothelial cancers.' However, it is 
often invasive on first presentation (60%), requiring 
radical surgery for treatment.':* The gold standard 
for the treatment of UUTUC is an open radical 
nephroureterectomy (NU) with en bloc excision 
of the bladder cuff including the ureteral orifice. 
In 1991, Clayman and colleagues? first described 
the laparoscopic radical NU, which was intro- 
duced as a minimally invasive alternative to open 
surgery. Despite its learning curve, laparoscopic 
NU offered less morbidity and improved cosmesis, 
with comparable oncologic outcomes.* © As mini- 
mally invasive surgery evolves and improves, 
robotic surgery is increasingly adopted into uro- 
logic oncology. Robotic surgery alleviated the 
technical challenges of laparoscopic instrument 
manipulation and offered the feasibility of perform- 
ing a variety of complex urologic surgeries.’ 


Robot-assisted laparoscopic NU (RNU) is still a 
new procedure. Upper tract transitional cell carci- 
noma (TCC) is a rare disease, so reported studies 
have few patient numbers and only short-term 
follow-up. No randomized studies have compared 
RNU with its open or laparoscopic counterparts. 
Although intermediate- and long-term data are 
scarce, RNU does seem to offer comparable ad- 
vantages to open and laparoscopic approaches. 
RNU can maintain sound oncologic principles 
with the feasibility to perform en bloc excision of 
the kidney and ureter with bladder cuff to avoid tu- 
mor spillage and an accurate retroperitoneal or 
pelvic extended lymph node dissection. Better 
visualization of the vascular anatomy and recapit- 
ulation of open surgery suturing techniques also 
make reconstruction feasible, potentially 
improving functional outcomes and decreasing 
morbidity.® 

Here the authors review the robotic surgical 
management of upper urinary tract urothelial 
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carcinoma, with a review of the steps and tips on 
making this robotic approach more widely 
adoptable. 


PREOPERATIVE PREPARATION 
Preoperative Workup 


UUTUC can present as hematuria, flank pain, or 
without any symptoms. Computed tomography 
(CT) urography is now well established as a diag- 
nostic tool to evaluate UUTUC, with the presence 
of a filling defect suggesting a urothelial mass. In 
addition, CT allows for a staging evaluation of local 
extension and nodal involvement as well as distant 
metastases.° Magnetic resonance imaging (MRI) 
urography is an alternative diagnostic imaging 
tool to assess for urothelial tumors. In those cases 
when renal function is compromised, MRI may 
offer a useful alternative to intravenous contrast 
for CT. Moreover, recent advances in multipara- 
metric MRI have made this modality advantageous 
in differentiating renal pelvis urothelial carcinoma 
from central/hilar renal cell carcinoma.'° A combi- 
nation of size and qualitative metrics on MRI 
urogram has demonstrated its capability in pre- 
dicting higher-grade urothelial cancers in the 
bladder. "' 

Retrograde pyelography can confirm the radio- 
logic findings. Ureteroscopy with ureteral biopsy 
should be performed at the same setting. Selec- 
tive cytology and barbotage from each ureter 
and renal pelvis may be performed if a discrete 
mass to biopsy is lacking or to confirm the diag- 
nosis.'*:'° In those cases of sessile tumors not 
evident on radiologic studies, or in case of carci- 
noma in situ without a discrete mass, brush biopsy 
and cytology can yield the diagnosis. Selective 
ureteral cytology has a 43% to 78% sensitivity, 
whereas the false-negative rate ranges from 25% 
to 50%, based on the tumor grade. >19 UUTUC bi- 
opsy is strongly concordant with pathologic grade 
(80%-90%). 1213 

In the authors’ institution, they follow the 
following algorithm in the preoperative workup of 
an upper tract urothelial cancer: 


1. Obtain CT urogram or MRI urogram 
2. Obtain urine cytology and urine fluorescence in 
situ hybridization to confirm suspicion of TCC 
3. Perform ureteroscopy with ureteral biopsy to 
differentiate low-grade from high-grade TCC 
4. If the lesion is above the iliac vessels and high 
grade, medical oncology is consulted for neo- 
adjuvant chemotherapy (NC) before surgery. 
a. Neoadjuvant cisplatin-based combination 
chemotherapy has shown a 15% to 25% 
improvement in survival benefit for bladder 


cancer of clinical stage T2-T4aNO, accord- 
ing to 2 prospective trials and a meta-anal- 
ysis.'4-'© Although there is no level 1 
evidence in upper tract TCC, similar benefi- 
cial effects are assumed for upper tract 
TCC. The advantages of NC for UUTUC 
are potentially the following: the ability to 
treat micrometastatic, nonclinically evident 
disease, tumor downstaging and shrinking 
before NU, and the ability to give more effec- 
tive doses of chemotherapy before renal 
loss and before surgical deconditioning. '*:'” 
The downsides of NC are potentially the 
following: increased surgical complexity 
with fibrosis/disrupted surgical planes, 
increased postoperative morbidity, and 
overtreatment (treating those who did not 
need chemotherapy).'° However, 2 studies 
have shown no difference in operative out- 
comes (estimated blood loss, operative 
time, complications, hospital stay) between 
those who received or did not receive NC 
before radical NU.'®'° 

5. If the lesion is above the iliac vessels, low grade, 
and without indications for endoscopic treat- 
ment (Strong indications for endoscopic treat- 
ment include solitary kidney, renal insufficiency, 
and weak preoperative performance status.), 
radical NU is performed. Endoscopic or conser- 
vative treatment can be considered in low-grade, 
small-sized, unifocal lesions and when there is no 
evidence of infiltrative disease in compliant pa- 
tients who accept close follow-up. '* 

6. If the lesion (high grade or low grade) is below 
the iliac vessels, in the authors’ institution, a 
distal ureterectomy (DU) with bladder cuff and 
ureteral reimplant are performed. 

a. Several studies of T1-2NO and some select 
cases of T3-4NO have reported no differ- 
ence in cancer control outcomes between 
DU versus radical NU.2°-°2 

b. High-grade patients are referred to medical 
oncology postoperatively for adjuvant 
chemotherapy, as they have preserved renal 
function from nephron-sparing surgery. 


Preoperative Planning 


e Remove stent if possible 3 to 7 days before 
procedure 

e Full bowel prep 

e Sterilize urine 

e Consent for both a DU and an NU and all pos- 
sibilities of reconstruction 


A ureteral stent, if present, is removed 3 to 7 days 
before surgery. In the authors’ experience, they 
have found that removing the stent before surgery 


decreases the periureteral inflammation and edema 
that is caused by the stent. Tissue edema and 
inflammation disrupts normal tissue planes and, 
hence, can make dissection more challenging. 

All patients receive a mechanical bowel prepa- 
ration, usually with polyethylene 3350 and electro- 
lyte oral solution oral solution or oral magnesium 
citrate. Preoperative intravenous antibiotics are 
given as per the current American Urologic Associ- 
ation’s guidelines. 


NU 


Radical RNU should maintain sound oncologic 
principles to achieve comparative outcomes with 
open and laparoscopic NU. These principles 
include en bloc excision of the kidney and ureter 
with bladder cuff to avoid tumor spillage and peri- 
hilar with retroperitoneal or pelvic extended lymph 
node dissection, based on the location and stage 
of the tumor. The ureterovesical junction and in- 
travesical ureter are excised with a margin of 
bladder cuff and closed in a 2-layered sutured 
repair adhering to open principles. 

The initial RNU procedures were performed us- 
ing 2 different modalities, with a robotic nephrec- 
tomy and ureteral dissection, followed by an 
open or laparoscopic approach to remove the 
distal ureter and bladder cuff.*° Several groups 
have incorporated techniques to eliminate using 
the open or laparoscopic approach to the bladder 
cuff portion, such as the hybrid port technique?’ 
and/or a combination of 5 to 6 ports.2*° 

Eandi and colleagues*° then described their 
technique of repositioning patients and redocking 
the robot for the pelvic portion of the case. 
Because the kidney is located in the upper 
abdomen, whereas the distal ureter and bladder 
are located deep in the pelvis, careful planning of 
port placement is crucial. Strategic planning may 
even allow for not having to reposition or redock 
the robot at all.2°?”° Redraping and/or redocking 
the robot can add up to 50 minutes of additional 
operative time.?° 

Hemal and colleagues?’ and Lee and col- 
leagues?! have reported their single-robot- 
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docking techniques of performing RNU with 
bladder cuff excision in a single position, without 
redocking or repositioning. In the authors’ experi- 
ence, they have found that their 2-robot-docking 
technique is effective, time efficient, and 
feasible.°* With a skilled robotics team, redocking 
the robot can be done in less than 10 minutes. 

The authors’ technique of positioning patients in 
a modified flank with a low lithotomy position en- 
ables them to perform the procedure without repo- 
sitioning patients on the bed. It saves operative 
time and preserves the operative field. They do 
place an additional port inferior to the umbilicus 
on the contralateral side, and redock the robot, 
for better access to the distal ureter. 

Here, the authors outline their technique of per- 
forming a radical RNU and bladder cuff excision 
using the 2-robot-docking approach. 


PART 1: NEPHRECTOMY 
Positioning 


The authors have found it most optimal to position 


patients in the following manner. Patients are 
placed in a low lithotomy, lateral decubitus posi- 
tion. Two gel rolls are placed behind patients to 
support and angle the torso to a 45° angle. The 
legs are placed in stirrups, with each leg pointing 
toward the contralateral shoulder. The sole of the 
feet should be bearing the weight of the leg 
(Fig. 1A). Patients are secured to the bed using 
3-in cloth tape across their chest. The contralateral 
lower arm is placed on an arm board. The ipsilat- 
eral arm can be placed in either of 2 ways. It can 
be placed on a thoracic arm board over the body 
onto the contralateral side. The second, and the 
authors’ current position of choice, is keeping 
the ipsilateral arm straight on the ipsilateral side 
of their torso. A rolled-up foam pad is tucked in 
the patients’ waist to support the arm, which is 
cradled in 2 foam pads (see Fig. 1B). The arm is 
then secured to the side of patients with 3-in cloth 
tape from the bed to their chest and from the bed 
to the patients’ hip. 

Once the position is confirmed, the kidney posi- 
tion is checked by airplaning the table toward the 


Fig. 1. (A) Arm positioned over the contralateral side. (B) The authors’ current arm positioning at the side. 
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surgeon (patients’ contralateral side) to confirm 
there is no slippage of the patients and that all 
pressure points are padded. To check the position 
for the ureteral/bladder cuff portion of the case, 
the table is airplaned away from the surgeon to a 
supine position and placed in Trendelenburg posi- 
tion to confirm there is no slippage and that all 
pressure points are padded. 

The benefits of this low lithotomy, lateral decubi- 
tus position are several. First, the assistant sur- 
geon has direct access to the bladder, if a 
simultaneous cystoscopy or bladder filling is 
needed. Second, this position allows for the robot 
to be redocked for the bladder portion of the sur- 
gery without having to reposition the patients on 
the bed. Patients can also be airplaned freely in 
either direction and can also be placed in Trende- 
lenburg position. In this way, the authors think that 
this position facilitates access to both the upper 
abdomen and the pelvis in a time-efficient and 
safe manner. 


Port Placement 


The robot is brought in perpendicular to the pa- 
tients (Fig. 2). This docking position is facilitated 
by the placement of the authors’ triangle of ports 
as high up (cephalad) as possible. In doing so, 
they avoid having to dock the robot obliquely 
over the shoulder, which would be required if the 
triangle of ports was lower on the abdomen to 
allow room for the fourth arm. The authors’ tech- 
nique for a robotic partial nephrectomy has been 
previously published, and their positioning and 
port placement for a radical nephrectomy is the 
same.’ They place the camera port 12 cm above 
the umbilicus, in the epigastric region. The left 
arm is right below the costal margin, and the right 
arm is 6 to 8 cm apart from the camera. They place 
the fourth arm port most lateral (see Fig. 2). The 
key points of their port placement are the same 


Fig. 2. Triangle of ports. 


for a NU. They place the triangle of the left arm, 
right arm, and camera port as high up (cephalad) 
as possible, to allow the fourth arm to placed in 
the lower lateral quadrant (Fig. 3). The only modi- 
fication for an NU is that the fourth arm is placed 
more cephalad and lateral to help with the bladder 
portion of the case. 

In preparation for the ureterectomy/bladder 
portion of the case, an additional robotic port is 
placed at the level of or just below the umbilicus 
in the contralateral lower quadrant (Fig. 4). For 
right-sided tumors, an additional 5-mm port can 
be placed laterally at the anterior axillary line for 
a self-retaining liver retractor. For this maneuver, 
the authors’ use a triangle liver retractor to elevate 
the liver and attach it to a self-retaining retractor 
arm on the side rails of the bed. 


Exposure and Entry into the Retroperitoneal 
Space 


First, an incision is made lateral to the colon in its 
attachments to Gerota fascia, to reflect the colon 
medially and to access the retroperitoneum. If 
the appropriate plane is found, it should be an 
avascular plane (Fig. 5). The mobilization will first 
go caudad and then cephalad. The borders of 
the colon mobilization are the iliac and gonadal 
vessels inferiorly, the adrenal gland superiorly, 
and the aorta medially (Fig. 6). It is important not 
to incise too laterally along the abdominal sidewall 
to prevent incising the lateral attachments of the 
kidney itself. If this were to happen, the kidney 
can fall medially, obstructing the view of the hilum. 


Left side 

The next step is mobilization of the spleen. The 
lateral attachments of the spleen are sharply 
divided. Then, with the back of the left robotic 
arm instrument, the spleen is tented up cephalad, 
with the right arm (or suction) pushing the kidney 
down caudad (Fig. 7). In doing so, the spleen 
should be rotated medially and cephalad. On com- 
ing medially with the dissection, the tail of the 
pancreas should peel off revealing a plane of 
dissection. However, care must be taken to be 
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Fig. 3. Port and robot placement for left-sided case. 


Fig. 4. Trocars labeled for left-sided case. 


aware of the splenic vein and artery coursing 
through the fat, as one’s dissection comes across 
the top of the kidney. 


Right side 

For aright-sided case, through the additional 5-mm 
lateral port, the liver retractor is introduced and 
positioned to lift the liver cephalad, taking care 
not to put too much tension under the liver, which 
will cause bleeding. Once the exposure is created, 
the peritoneum is reflected off the Gerota fascia in 
the same manner as described earlier. The mobili- 
zation will first go caudad and then cephalad. The 
incision on the peritoneum should go transversely 
across and below the underside of the liver. The 
liver retractor can then be readjusted to produce 
greater retraction as the liver is mobilized and freed 
to be lifted up. The superior border of the colon 
mobilization is the location of the adrenal gland. 
On coming medially with the dissection, care 
must be taken to avoid injury to the duodenum, 
which must also be lifted off the underlying plane. 
The authors mobilize adequately enough to be 
able to see the inferior vena cava medially. 


Hilar Dissection 


The second step is the hilar dissection. Attention is 
turned to the lower pole of the kidney. The best 


Fig. 5. Colon and peritoneum reflected off of Gerota 
fascia on an avascular plane. 
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Fig. 6. Peritoneum with colon and pancreas (left) is 
reflected medially, approaching the upper pole of 
left kidney (right). 


location to find the gonadal vein is at the lower 
pole of the kidney, which would then lead to the 
renal hilum. Sharp dissection is carried out right 
on top of the gonadal vein and moved caudally to- 
ward the iliacs and cephalad to the renal vein. The 
fourth arm is used to lift up on the kidney laterally. 
In left-sided cases, the gonadal vein is ligated with 
bipolar electrocautery right at its entry to the left 
renal vein to allow for easier mobilization and 
retraction (Fig. 8). Next, the ureter is found 
coursing parallel to the gonadal vein, more laterally 
anatomically, and superior on the screen. 
Adequate tissue is left around the ureter to avoid 
injuring it inadvertently and to avoid compromising 
its blood supply. In addition, careful attention is 
paid to keeping the periureteric tissue with the ure- 
ter in order to allow an adequate margin in the 
event of ureteral invasion by malignancy. 

Next, the gonadal vein is isolated away from the 
ureter laterally. The psoas is found, and the fat is 
cleaned and lifted up off the psoas muscle belly. 
The fourth arm is then brought in underneath the 
fat of the lower pole and the ureter and lifted up. A 
Weck clip is placed on the ureter to prevent spillage. 


Fig. 7. Left arm instrument pushes up the spleen 
cephalad and medially to help with dissection off Ger- 
ota fascia (right). 
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Fig. 8. Left gonadal vein at its entry into renal vein. 
The left gonadal vein is ligated. 


At this time, the renal vein, which has already 
been isolated, is visible in the field. The renal artery 
is identified using a drop-in Doppler probe. 


Retroperitoneal Lymph Node Dissection 


Hilar dissection is carried out more medially at this 
time to perform the lymph node dissection anterior 
to the aorta (Fig. 9). Lymph node dissection is then 
carried out in a caudad direction until the bifurca- 
tion of the aorta is reached (Figs. 10 and 11). All 
lymph tissue anterior to and adjacent to the aorta 
is cleared off the aorta, recapitulating the split- 
and-roll technique of open surgery. The authors 
think that bipolar electrocautery is sufficient to 
close off the small lymphatics during dissection. 
The lymphatics are cleared off the aorta down to 
the level of the aortic bifurcation. 

Attention is then turned back to the cephalad 
corner of the lymphadenectomy (LND) where it 
began near the hilum (Fig. 12). The renal artery 
ostium can be encountered as dissection is car- 
ried superiorly up the aorta. Although there is no 
standard template for lymph node dissection for 
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Fig. 9. Hilar adenopathy below renal vein, with renal 
artery posterior to it. 


Fig. 10. Lymph node dissection down the anterior and 
lateral surface of the aorta. 


upper tract TCC, the authors follow this algorithm 
at their institution: For a left-sided case, they re- 
move preaortic and para-aortic nodes and inter- 
aortocaval if necessary. For a right-sided case, 
the precaval and paracaval nodes are removed. 
The authors keep the lymph node tissue en bloc 
with the kidney when possible for later removal 
with the specimen. Once the lymph node dissec- 
tion is completed to this point, the hilar vessels 
are divided separately, using a vascular stapler 
on each (Fig. 13). Hemostasis should now be 
confirmed at the region of the hilum and aorta 
before proceeding. 

Once the hilum is divided, the remainder of the 
lateral attachments of the kidney as well as the up- 
per pole is sharply released, using bipolar electro- 
cautery. The fourth arm can be very useful at this 
step by maneuvering it to stretch the kidney medi- 
ally, cephalad, or caudad to facilitate the division 
of its remaining attachments. Care is taken to 
keep an adequate amount of perinephric tissue 
on the kidney for more accurate staging purposes. 

At this time, any remaining mobilization of the 
ureter is done, if needed. The ureter should be 


Fig. 11. Lymph node dissection reaches the aortic 
bifurcation. 


Fig. 12. After lymph node dissection, the aorta and 
renal artery is exposed, facilitating ligation of the 
artery. 


isolated down to the level of the iliac vessels as a 
landmark. The gonadal vein is divided where it 
crosses the ureter. 


Redocking the Robot 


The robot is now undocked, and the bed is then 
airplaned toward the side of the lesion to make 
the patients parallel to the floor (supine); the bed 
is placed in the Trendelenburg position. The robot 
is then redocked, to come in obliquely over the 
ipsilateral hip/knee, called side docking. The robot 
comes in at a 45° angle to the patients, over their 
ipsilateral hip (Fig. 14). No repositioning of patients 
on the bed is done. 

The port configuration will lend itself to a prosta- 
tectomy port configuration (except more ceph- 
alad) without having to place additional ports. 
The fourth arm on the robot will now be swung 
over and placed on the contralateral side of the 
robot because of the new redocked position 
from below. The previously right arm trocar will 
now function as the left arm trocar, and the previ- 
ous assistant trocar will now function as the right 
arm (Fig. 15). 


Fig. 13. Ligation of renal artery with 45-mm vascular 
stapler. 
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Fig. 14. Side docking: obliquely over the ipsilateral 
hip, at 45° to patient. 


PART 2: BLADDER CUFF EXCISION 


The authors think that RNU should adhere to strict 
oncologic principles in the management of the 
distal ureter and bladder cuff as open NU. The 
best approach to excising the distal ureter and 
bladder cuff still lacks consensus. The goal is to 
excise the kidney, ureter, and bladder cuff en 
bloc to prevent tumor spillage. Although an open 
approach is still the gold standard, minimally inva- 
sive approaches that mimic the open approach 
have reported comparable outcomes.?? Xylinas 
and colleagues** compared 3 different methods 
of bladder cuff excision on oncologic outcomes 
(extravesical, intravesical, endoscopic). Among 
2681 patients, 67.5% underwent the transvesical 
approach; 29.3% underwent the extravesical 
approach; and 3.2% had the endoscopic 
approach. There was no difference in terms of sur- 
vival among the 3 distal ureteral management ap- 
proaches, but patients with the endoscopic 
approach were at significantly higher risk of intra- 
vesical recurrence. 

In the authors’ experience, a transurethral inci- 
sion of the bladder cuff is not performed. Instead, 
once the ureter is dissected down to the level of 
the bladder, the bladder cuff is sharply excised 
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Fig. 15. Ports reassigned for bladder cuff excision. 
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with an adequate margin around the ureter. The 
authors advocate this technique because it is 
feasible, effective, time efficient, and maintains 
oncologic principles. The authors find that a sharp 
incision around the bladder cuff extravesically ne- 
gates the need for a prior transurethral incision. It 
eliminates time spent on the endoscopic portion 
of the procedure. It also minimizes spillage, as it 
eliminates the ongoing diffusion of fluid from a pre- 
nephrectomy transurethral incision. 

Once redocked, a short vessel loop is placed 
around the ureter with a Weck clip to help with 
retraction. The vas deferens is ligated as it crosses 
anterior to the ureter. The fourth arm is used to 
push the sigmoid colon medially, while a grasping 
forceps instrument is placed in the left robotic arm. 
Dissection and isolation of the ureter is carried 
down as distally as possible. 

Once a cone shape of detrusor muscle is seen 
as the ureter is tented up, the ureterovesical junc- 
tion at the bladder has been reached (Fig. 16). The 
authors make a 2-cm incision in the bladder cone 
at the 12-0’clock position just above the ureteral 
hiatus. An apical stitch is placed at the top of this 
incision as a handle to prevent the cystotomy 
from retracting. The authors use a 2-0 polyglactin 
910 barbed stitch and tack it to the peritoneum 
on the anterior abdominal wall with a Weck clip, 
which provides exposure; the needle is left on 
the suture to save for later use. With the bladder 
open and exposure obtained, the ureteral orifice 
can be excised safely without the risk of inadver- 
tently damaging the contralateral ureter or leaving 
the ureter behind. 

The bladder is closed with the preplaced barbed 
suture in a running fashion. The cystotomy is then 
closed with a 2-0 polyglactin 910 suture in 2 layers. 
The bladder is filled through a urethral Foley cath- 
eter to test the closure for any leak. A Foley cath- 
eter is kept in for 1 week. The specimen bag can 
be introduced through the 12-mm assistant port, 


Fig. 16. Cone shape of ureterovesical junction, with 
ureter (left) grasped by Prograsp instrument. 


and it can be removed via a lower midline incision 
or a Pfannenstiel incision. 

After the ureter and bladder cuff have been 
excised, the authors have found that an apical 
stitch is necessary to prevent the cystotomy from 
sinking below and underneath the bladder 
(Fig. 17). To maintain exposure, a 2-0 polyglactin 
910 stitch is placed at the apex, at the 12-0’clock 
position, and tacked into the peritoneum on the 
anterior abdominal wall with a Weck clip 
(Fig. 18). The needle is left on the suture to save 
for later use. In the authors’ experience, this sliding 
Weck technique has been useful, easy, and time 
efficient. The cystotomy is then closed with 2- 
0 polyglactin 910 suture in 2 layers (Fig. 19). The 
bladder can be filled through a urethral catheter 
to test the closure for any leak. A Foley catheter 
is kept in for 1 week. The specimen bag can be 
introduced through the 12-mm assistant port, 
and it can be removed through a Pfannenstiel inci- 
sion (Fig. 20). 


Take home points 

1. Place the ports high up, to use the fourth arm. 

2. Dissect the nodes en bloc with kidney. 

3. Approach the distal ureter like a prostate, but 
use a side dock. 


DU AND URETERAL REIMPLANT 


In select patients, a DU and reimplant may be a 
treatment option. According to the National 
Comprehensive Cancer Network’s guidelines, 
segmental ureterectomy (SU) should be reserved 
for low-grade mid to distal ureteral UUTUC. The 
European Association of Urology strongly recom- 
mends it for patients with a solitary kidney or bilat- 
eral low-stage cancers.°° The major benefit of a 
DU is the preservation of renal function to maxi- 
mize eligibility for future adjuvant cisplatin-based 


Fig. 17. Apical stitch on bladder cuff cystotomy is 
tacked to anterior abdominal wall, for traction. 


Fig. 18. Sliding Weck technique. 


chemotherapy. DU also minimizes the morbidity 
associated with decreased renal function. 

Several studies have reported no difference in 
oncologic outcomes between DU and radical 
NU. A large Surveillance, Epidemiology, and End 
Results Program (SEER) study of 2044 patients 
demonstrated that DU provides equally favorable 
outcomes as radical NU in locally advanced 
upper tract TCC.2° The 5-year cancer-specific, 
mortality-free rates for SU versus radical NU with 
or without bladder cuff were 86.6% versus 
82.2% versus 80.5%, respectively, without any 
significant differences.” Colin and colleagues,7* 
in their multi-institutional cohort study of ureteral 
cancer, suggested that tumor location and surgery 
type were not independent prognostic factors for 
recurrence-free survival or cancer-specific 
mortality. 

These results have been corroborated more 
recently by Hung and colleagues,*° who compared 
oncologic outcomes between patients who under- 
went SU (n = 35) or radical NU (n = 77) for pure 
ureteral TCC. Advanced or non-organ confined 
(>T2) disease was present in 20% and 31% of 
the NU and SU groups, respectively. There was a 
4-year follow-up period. No significant difference 
was found between SU and NU in terms of bladder 
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Fig. 19. Bladder closed in 2 layers. 
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Fig. 20. Endoscopic specimen retrieval bag. 


recurrences, local recurrences, distant metastasis, 
and cancer-specific survival rates. These data 
suggests that SU is not inferior to radical NU in 
oncologic outcomes and may also be of benefit 
to patients with high-grade or non—-organ confined 
upper tract TCC.°° 


Robotic Approach 


The robotic approach to DU and reimplant may 
have several advantages to open or laparoscopic 
approaches, including improved cosmesis, better 
visualization of vascular anatomy to perform an 
extended pelvic lymphadenectomy, and the ability 
to maintain all principles of oncology and 
reconstruction. 

The first robotic distal ureteral reimplant with a 
psoas hitch was reported in 2007 by De Naeyer 
and colleagues?” in a patient with distal ureteral 
stricture caused by endometriosis. Following 
this, other reports, by Mufarrij and colleagues®® 
and Patil and colleagues,°*° reported the feasibility 
and safety of robotic reconstructive ureteral sur- 
gery. Glinianski and colleagues*° then reported 
the use of robotic reimplantation for upper tract 
TCC in 9 patients. Although the data thus far are 
limited, published reports have demonstrated ro- 
botic ureterectomy and reimplantation to be tech- 
nically safe and oncologically feasible. Here the 
authors describe their steps in performing this 
operation. 


Port Placement and Docking 


The robot is docked from the foot of the bed in a 
similar fashion to a robotic radical prostatectomy, 
except all ports are moved more cephalad to ac- 
cess the distal ureter and bladder (Fig. 21). Ports 
are placed in an inverted V shape using the 
following 5 to 6 trocars: 


e 1 Hassan for camera 
e 3 Robotic 
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Fig. 21. Port placement for distal ureterectomy. 


e 2 Accessory 
o 5 mm 
o 12 mm 


A similar workup as described earlier is used to 
evaluate and confirm ureteral TCC. It is imperative 
that the entire ipsilateral renal unit is evaluated to 
confirm there is no proximal disease. This evalua- 
tion is best done preoperatively; but if it is unable 
to be done secondary to the obstructing mass, it 
may be performed intraoperatively with an ure- 
teroscope placed through a trocar once the prox- 
imal ureteral margin is confirmed negative for TCC. 

Ureteral dissection is performed, starting prox- 
imal to the expected area of tumor, to allow for 
enough mobilization of the ureter. Adequate peri- 
ureteral tissue is left on the ureter to avoid inadver- 
tent injury to the ureter and to maintain a sufficient 
margin around the ureter. Care is taken as to avoid 
disruption of the ureteral blood supply, which will 
be laterally sourced, in the distal ureter. Dissection 
of the bladder is also performed to allow for 
adequate mobilization of the bladder on its pedicle 
so that it can be brought up to the ureter tension 
free. A Weck clip is placed proximal to the distal 
ureteral lesion to prevent tumor spillage and also 
distal to prevent potential tumor spillage from 
above or below. In between these 2 clips, a 
segment of ureter is sent for frozen pathologic sec- 
tion to confirm that there is no cancer present. The 
distal ureter is then freed all the way to the bladder, 
and the affected ureter along with bladder cuff is 
excised as described previously. The bladder is 
closed with a 2-0 polyglactin 910 barbed suture 
as described later. 

Next, an extended pelvic lymph node dissection 
can be performed as described later. The authors 
use the same template as for bladder cancer, 
with the following borders: laterally to the 


genitofemoral nerve, superiorly to the aortic bifur- 
cation, medially to the obturator nerve and iliac 
vessels, and inferiorly to the lymph node of Cloquet 
(Figs. 22-25).*'4* The authors perform this on all 
their patients undergoing a DU. In addition, the 
authors confirm frozen sections are negative 
before preparing for the reimplant. 

With the aforementioned procedure complete, 
the reimplant is begun. The clip on the ureter is 
removed, and the ureter is spatulated using ro- 
botic Potts scissors on the posterior side of the 
ureter for approximately 1.5 cm. The bladder is 
next mobilized off the peritoneum similar to the 
way the bladder is mobilized for a robotic radical 
prostatectomy. The goal is to allow the bladder 
to be hitched to either the sidewall or psoas mus- 
cle to allow for a tension-free anastomosis. If 
further bladder mobilization is required, the 
contralateral median umbilical ligament and 
bladder pedicle can be sacrificed. 

For very distal ureterectomies, the authors typi- 
cally hitch the bladder to the sidewall. For ureter- 
ectomies closer to the iliac vessels, the authors 
perform a classic psoas hitch. A robotic psoas 
hitch is feasible and effective, as reported in the 
recent literature.***° When performing a psoas 
hitch, it is important to, when possible, identify 
the psoas tendon and use that for the hitch 
(Fig. 26). In addition, attention should be given to 
place sutures away from the genitofemoral and 
ilioinguinal nerves. Sutures should be placed in 
the psoas vertically to further decrease the risk of 
nerve entrapment, as the nerves course vertically 
and obliquely down. The authors use a 2-0 poly- 
glactin 910 suture to perform the hitch and leave 
the bladder filled with 300 mL saline to confirm 
the sutures are not placed too deeply in (ie, 
through the mucosa) the bladder. 

With the psoas hitch performed, the authors 
confirm there is adequate length for the ureter to 


Fig. 22. Lateral border of lymphadenectomy (genito- 
femoral nerve on left). 


Fig. 23. Distal border. 


meet the dome of the bladder without any tension. 
Once confirmed, the bladder muscle is incised 
down to the level of, but not through, the mucosa 
for approximately 1.5 cm (Fig. 27), at which time 
the mucosa is opened and the bladder drained. 
A 4-0 polyglactin 910 suture is placed through 
each apex. The authors use a dyed suture on the 
lateral wall and an undyed suture on the medial 
wall to prevent inadvertent crossover. They run 
both sides and tie each suture to itself. At this 
point, a stent is placed over a wire up the ureter 
via the anastomosis, and the distal end of the ure- 
teral stent is pushed into the bladder across the 
anastomosis. The superior edge of the anasto- 
mosis can be closed with either interrupted or a 
running suture. The serosa is now reapproximated 
over the anastomosis. The anastomosis is tested 
by refilling the bladder (Figs. 28-30). The authors 
prefer a refluxing anastomosis for all their patients 
because it allows for more accessible in-office sur- 
veillance with a flexible cystoscope passed into 
the refluxing ureter. 
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Fig. 24. Obturator nerve. 
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Fig. 25. Posterior border of dissection, showing hypo- 
gastric vessels 


If a tension-free anastomosis cannot be 
completed because of inadequate length or reach, 
a Boari flap is required. 


Boari Flap 


The feasibility of a robotic Boari flap has been re- 
ported in the recent literature.477°7”-78 In the au- 
thors’ experience, to create a Boari flap, a 
triangular flap is incised off the anterior surface 
of an adequately filled bladder (Fig. 31). It is crucial 
to keep the base of the flap wide and large (which 
would become the base of the tube). The flap is 
incised using minimal cautery to preserve the 
healthiness and vascularity of the tissue. An apical 
suture is placed at the vertex of the posteriorly 
spatulated ureter. It is also possible to tack the 
flap to the psoas with a suture to decrease tension. 
The anastomosis is performed in an onlay fashion. 
Interrupted stitches are used to close each side of 
the flap to the posteriorly spatulated ureter on-laid 
on to it. A stent is placed up with a wire inside of 


Fig. 26. Psoas hitch. Fourth arm pulls bladder laterally 
to assist. 
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Eca 
Fig. 27. Creation of detrusor flaps, with bladder mu- 
cosa intact and visible in between. 


the stent. Then the running suture is used to close 
the proximal (cephalad) aspect of the Boari flap to 
tubularize it and complete the anastomosis. A V 
lock is used to close the caudal aspect in a running 
fashion. The tubular bladder is then reinforced with 
a second imbricating layer. The bladder is then ret- 
roperitonealize by closing the peritoneum over the 
bladder, which can be done easily with Weck clips 
(Figs. 32-36). 

The benefit of a Boari flap is that it can gain addi- 
tional length up to the midureter, more than a 
psoas hitch, to achieve a tension-free anasto- 
mosis. The downsides include greater operative 
time needed, more suturing, more complexity 
and reconstruction, and the risk of vascular 
compromise of the flap.*°7” 


LYMPHADENECTOMY 
Pelvic Lymph Node Dissection with DU 


An extended pelvic LND is performed using the 
same robotic and oncologic principles as 
described earlier for a retroperitoneal lymphade- 
nectomy. The common iliac, external iliac, and in- 
ternal iliac vessels are skeletonized of lymphatic 
tissue. Weck clips are used to clip the proximal 
and distal edges of the lymphadenectomy. In the 
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Fig. 28. The spatulated ureter will lie on the mucosa. 


Fig. 29. Ureteral anastomosis to bladder. 


authors’ institution, lymph nodes are sent in sepa- 
rate packets labeled appropriately to distinguish 
each regional nodal group for a more accurate 
nodal count and accurate staging.“ Lymph node 
(LN) yield can vary based on pathologic evaluation. 
The method by which LNs are submitted for path- 
ologic review can affect the number of reported 
LNs (en bloc vs separate packets), with higher 
nodal counts seen with separate packets.*° 


LND for Upper Tract TCC 


LND at the time of radical cystectomy for bladder 
cancer is the standard of care, both for its diag- 
nostic and therapeutic benefit.*' However, for up- 
per tract TCC, an LND at the time of NU is still 
performed based on surgeon discretion because 
of a lack of level | data showing a clear survival 
benefit in upper tract TCC.°° In a study of 151 
patients with stage T2-3 UUTUC undergoing 
NU without LND, the median 2- and 5-year 
metastasis-free survival were 69.0% and 
54.1%.°' Although the evidence does not exist 
yet, multimodal perioperative therapy, including 


Fig. 30. Detrusor flaps closed over ureter. 


Fig. 31. Keep base of Boari flap wide. 


NC, for UUTUC may be critical because kidney 
loss after NU will preclude some patients from 
receiving adjuvant chemotherapy after surgery. 
More data are needed to determine if LND per- 
formed at the time of NU would be a crucial 
component of maximal multimodal therapy. LND 
can both complement the benefits of NC and 
also measure its therapeutic benefits. 

The challenge of LND for upper tract TCC as 
compared with bladder cancer is the variation in 
lymphatic drainage of the ureter. Because of the 
multiple potential locations of tumor in the urothe- 
lial tract, targeted LND depends largely on the 
location of the primary tumor, as in patients under- 
going only DU.*? 

Hemal and colleagues*® and Lee and col- 
leagues?! both reported their experience with 
retroperitoneal LND, with 2 to 35 lymph nodes 
removed, similar in extent and node count to 
open series.2+°°:54 For right-sided cancers, pre- 
caval and retrocaval nodes were removed. In 
left-sided cancers, para-aortic and retroaortic no- 
des were removed. Interaortocaval nodes were 
removed only if indicated. In both studies, the 
LND extended superiorly from adrenal or superior 
renal hilum distally to the aortic bifurcation or com- 
mon iliac bifurcation. 

In Roscigno and colleagues’s°° study of LND for 
upper tract TCC, the number of lymph nodes 
removed seemed to be associated with cancer- 


Fig. 32. Bladder flap freed. 
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Fig. 33. Bladder flap (right) brought to apex of spatu- 
lated ureter (/eft) with a stitch. 


specific mortality. Longer survival was observed 
in patients in whom at least 8 LNs had been 
removed. In contrast, Kondo and colleagues°° 
found that the number of LN removed showed 
minimal influence on survival, whereas the tem- 
plate extent of LND was significant. 

In Kondo’s more recent multi-institutional pro- 
spective study of 77 patients with UUTUC of pT2 
or greater, patients with renal pelvis TCC who 
received an LND resulted in significantly higher 
cancer-specific survival (89.8% vs 51.7%) and 
overall survival (86.1% vs 48.0%) than the no 
LND group.°° Disease-free survival was also 
higher in the LND group (77.8%). In contrast, those 
with ureteral TCC showed no difference in cancer- 
specific survival between the LND and no LND 
groups.°° 


OUTCOMES 


RNU has been shown to be feasible and safe in 
multiple studies, but data on intermediate- to 
long-term oncologic outcomes are still lacking. 
Minimally invasive surgery has benefits in func- 
tional outcomes. RNU has demonstrated less 
blood loss compared with open and laparoscopic 
surgeries, likely because of better visualization of 
the vascular anatomy and shorter operative time. 


Fig. 34. Bladder-ureteral anastomosis performed in 
an onlay fashion with the posteriorly spatulated ure- 
ter (left) on the bladder flap (right). 
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Fig. 35. Closing Boari flap with ureteral double-J stent 
in place. 


Blood loss during RNU has been shown to range 
from 75 to 270 mL, which was less compared 
with open NU (299.6-750.0 mL) and also to laparo- 
scopic NU (144-580 mL).°° The mean hospital stay 
has also been shown to be comparable, if not 
improved, for recent RNU compared with its 
open and laparoscopic counterparts. The mean 
hospital stay ranged from 2.7 to 8.4 days for 
RNU compared with 2.3 to 21.1 days for LNU 
and open NU combined.** In a more recent, 
contemporary series by Khemees and col- 
leagues?” of 29 patients, 27 patients were dis- 
charged on postoperative day 1. 

RNU reports have also demonstrated compara- 
ble operative times. The mean operative time in 
studies ranged from 161 to 326 minutes. Reposi- 
tioning patients added approximately 50 to 100 mi- 
nutes to the operative time, with studies requiring 
repositioning having a mean operative time of 
300 minutes.?®?829 A meta-analysis comparing 
operative times of LNU and open RNU ranged 
from 156 to 426 minutes.?®5° RNU operative times 
were comparable, ranging from 161 to 
326 minutes.°° 

Intermediate- to long-term data are still lacking 
in oncologic outcomes for RNU, both because of 


Fig. 36. Boari flap closed in 2 layers. 


the rarity of the disease and the short-term 
follow-up in this relatively new surgical technique. 
Earlier published series demonstrating the feasi- 
bility of the procedure reported less than 
18 months in follow-up time. In a recent study by 
Lim and colleagues? of RNU with a median 
follow-up of 45.5 months, the 5-year cancer- 
specific survival and recurrence-free survival 
were 75.8% and 68.1%, respectively. These rates 
for RNU are promising, and comparable with pub- 
lished open and laparoscopic series. The 5-year 
tumor-free survival rates after open NU range 
from 51.2% to 76.0%; after laparoscopic NU, 
they range from 71.6% to 79.0%.°*°' These re- 
sults suggest that RNU may have comparable 
intermediate-term oncologic outcomes to its 
open and laparoscopic counterparts. 


DU Versus NU 


In the large SEER study of 2044 patients, Jeldres 
and colleagues?’ reported no decline in cancer 
control outcome among those who received SU 
versus those who underwent a NU with or without 
bladder cuff excision. This finding was also true in 
select patients with T3 tumors. At 5 years, cancer- 
specific mortality-free rates for SU versus NU with 
or without bladder cuff removal were 86.6% 
versus 82.2% versus 80.5%, respectively. The 
median follow-up time was 30 months.*' In a 
French multicenter study by Colin and col- 
leagues,°* 52 patients were treated with SU and 
416 with radical NU. There was no statistical differ- 
ence between the radical NU and SU groups for 
the 5-year probability of cancer-specific survival, 
recurrence-free survival, and metastasis-free sur- 
vival. Several other studies have shown similar 
findings, with no difference in cancer control 
outcome between SU and NU for T1-T2 organ- 
confined cancer.2°:°:6% 


DU Follow-up Algorithm 


Aggressive surveillance for bladder cancer is crit- 
ical after the surgical treatment of upper tract uro- 
thelial cancer by NU or DU. In the authors’ 
center, they have developed the following surveil- 
lance protocol after a DU: 


e Ureteroscopy every 6 months x 2 years, fol- 
lowed by every 1 year 

e Upper tract imaging alternating every 6 
months with ureteroscopy 

e Cystoscopy and cytology every 3 months 


SUMMARY 


Robot-assisted laparoscopic surgery is being 
increasingly used in urologic oncologic surgery. 


RNU is still a relatively new technique as reported 
in the literature. As upper tract TCC is a rare dis- 
ease, reported studies have few patients; there 
are no randomized studies comparing RNU with 
open or laparoscopic NU. Although intermediate- 
and long-term outcome data are scarce, RNU 
does seem to offer some advantages in addition 
to decreased morbidity. While maintaining sound 
oncologic principles, RNU can offer the surgeon 
the feasibility to perform an en bloc excision of 
the kidney and ureter with bladder cuff and a DU. 
Better visualization of the vascular anatomy may 
make a complex operation more amenable to ac- 
curate retroperitoneal and pelvic lymph node dis- 
sections. Randomized, prospective studies will 
be needed to determine the long-term outcomes 
of RNU. 
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KEY POINTS 


e Robotic adrenalectomy has been shown to be feasible and safe for resection multiple types of 


adrenal tumors. 


e Compared with traditional laparoscopic adrenalectomy, robotic adrenalectomy is associated with 
lower blood loss and length of stay but at an increased cost per surgery. 
e The role of partial adrenalectomy is currently limited to patients with familial syndromes but may be 


facilitated by a robotic approach. 


e Resection of metastases to the adrenal gland seems safe and feasible using a robotic approach. 
e Large prospective studies comparing laparoscopic and robotic adrenalectomy are still needed to 


define the benefit of robotics. 


INTRODUCTION 


Minimally invasive adrenalectomy became the gold 
standard treatment of benign adrenal neoplasms af- 
ter the initial report of laparoscopic adrenalectomy 
was described by Gagner and colleagues’! in 
1992. Multiple series have demonstrated decreased 
pain, lower blood loss, faster convalescence, less 
ileus, and shorter hospital stays compared with 
open surgery. ° More recently, robotic surgery 
has been increasingly used as an alternative to lapa- 
roscopic surgery. Multiple feasibility studies have 
demonstrated the safety and feasibility of robotic 
adrenalectomy.'''” The perceived advantages of 
robotic over traditional laparoscopy include stereo- 
scopic vision, improved magnification, and greater 
range of motion.'® As experience with robotic adre- 
nalectomy has increased, robotic adrenalectomy 
has been used for progressively more difficult 
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operations, including resection of large tumors, '° 
pheochromocytomas,'? and adrenocortical carci- 
nomas (ACC).?° Additionally, recent studies also 
support the role of a robotic-assisted approach 
during partial adrenalectomy?! and adrenal 
metastasectomy.?? 

In this article, the authors review the evolution of 
robotic adrenal surgery, discuss the evaluation of 
adrenal lesions, indications for robotic adrenalec- 
tomy, and describe the surgical technique. 
Indications for robotic partial adrenalectomy and 
metastasectomy are also reviewed along with 
early outcomes for these procedures. 


EVALUATION 
Radiographic Evaluation 


Adrenal tumors are frequently diagnosed, with 
incidental adrenal tumors found in 3.4% to 7.0% 
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of patients on imaging studies.*° Although adrenal 
masses were historically diagnosed based on 
sequelae from hormone-secreting tumors, most 
masses are now found based on imaging alone. 
Meaningful clinical information may be gleaned 
from the imaging evaluation. Besides size, which 
can drive surgical management, enhancement 
characteristics can help differentiate adenomas 
from other lesions. Hamrahian and colleagues,** 
from the Cleveland Clinic, evaluated 290 patients 
and found that adrenal adenomas had significantly 
lower mean Hounsfield unit (HU) attenuation (16.2) 
than ACC (36.9), adrenal metastases (39.2), or 
pheochromocytoma (38.6). The high intracyto- 
plasmic fat content of adenomas causes this 
difference in attenuation. Furthermore, a cutoff of 
10 HU was associated with a 100% specificity to 
differentiate adenomas from nonadenomas, 
though the sensitivity was only 40%. Therefore, 
although lesions with 10 HU or less are almost uni- 
versally adenomas, lesions with greater than 
10 HU attenuation may require further evaluation, 
as 30% of adrenal adenomas are fat poor.*° In 
these cases, the pattern of intravenous contrast 
washout can be helpful. Adenomas have faster 
washout of enhancement than other lesions like 
metastases or pheochromocytomas, which retain 
contract for longer periods. A washout of 40% to 
60% at 10 min is typical of adenomas, with spec- 
ificity approaching 100%.7° 

Although computed tomography (CT) studies 
can identify most adrenal adenomas, magnetic 
resonance imaging (MRI) can also be a useful 
adjunct. In opposed-phase MRI, lesions with intra- 
cellular lipid may be identified by loss of signal in- 
tensity on out-of-phase images.?’ 


Table 1 
Endocrine workup of an incidentally discovered adrenal mass 


Lesion/Syndrome to 


ENDOCRINE EVALUATION 


A full hormonal evaluation is necessary in all pa- 
tients with adrenal lesions to determine if the 
mass is functionally active. This evaluation is 
particularly important in preoperative planning, as 
blood pressure control, electrolyte status, and vol- 
ume resuscitation should be tailored in patients 
with functionally active lesions. The American As- 
sociation of Clinical Endocrinologists (AACE) and 
the American Association of Endocrine Surgeons 
(AAES) recently released a comprehensive review 
of the management of adrenal incidentalomas, 
including hormonal workup.2° The guidelines 
recommend all patients with an adrenal incidenta- 
loma to undergo clinical, biochemical, and radio- 
graphic evaluation for signs and symptoms of 
hypercortisolism, aldosteronism, pheochromocy- 
toma, or a malignant tumor. The recommend 
screening results are described later and summa- 
rized in Table 1. 


Hypercortisolism 


Hypercortisolism, or Cushing syndrome, is charac- 
terized by excess circulating glucocorticoid. The 
signs and symptoms of hypercortisolism include hy- 
pertension, truncal obesity, moon facies, hirsutism, 
mood disturbance, osteopenia, diabetes mellitus, 
and easy bruising.?° Although there are multiple 
causes of Cushing syndrome, including exogenous 
steroid use and corticotropin-secreting pituitary tu- 
mors, the cause germane to this review is a cortisol- 
secreting adrenal tumor. The simplest screening 
test recommended by the AACE/AAES is the 1-mg 
overnight dexamethasone suppression test.?° In 
patients with clinical suspicion because of 


Rule Out Screening Test Confirmatory Tests 


Hypercortisolism 
suppression 
Urine-Free Cortisol 


Primary aldosteronism Morning plasma aldosterone and 


renin to calculate an 


aldosterone-to-renin ratio 


Overnight 1 mg dexamethasone 


Late-night salivary cortisol, 24-h 
urine-free cortisol 


Aldosterone suppression test with salt 
loading 

Adrenal vein sampling used to 
distinguish an adrenal mass from 
bilateral adrenal hyperplasia when 
unclear radiographically and in 


patients >40 y 


Pheochromocytoma 


urinary metanephrines 


Plasma fractionated metanephrines/ Routine confirmation unnecessary with 
normetanephrines or 24-h total 


an abnormal screening test 
lodine-123 metaiodobenzylguanidine 

used to rule out extra-adrenal 

pheochromocytoma 


hypertension, obesity, diabetes, or osteoporosis, 3 
tests including the late-night salivary cortisol and 
urine-free cortisol in addition to the dexamethasone 
suppression test may be administered to confirm 
the diagnosis. 


Primary Aldosteronism 


Primary aldosteronism, or Conn syndrome, is 
characterized by elevated serum aldosterone 
levels. Hyperaldosteronism results in increased 
total-body sodium, which causes hypertension 
and sometimes mild hypernatremia, as well as 
decreased potassium, which can cause muscle 
weakness and paresthesias.”° Standard labora- 
tory evaluation may reveal hypernatremia and hy- 
pokalemia, although these may be masked by 
drugs including potassium-sparing diuretics. 
Screening for hyperaldosteronism should be per- 
formed in patients with adrenal lesions and hyper- 
tension, and screening can be omitted in patients 
without hypertension.*° Before screening, hypo- 
kalemia should be corrected; mineralocorticoid re- 
ceptor antagonists should be stopped at least 
6 weeks before screening. Screening is performed 
by obtaining an aldosterone-to-renin ratio (ARR). 
An ARR greater than 20 suggests hyperaldoster- 
onism, which can be confirmed by demonstrating 
a lack of aldosterone suppression with salt loading 
on a 24-hour urine study. A high-resolution CT 
scan can distinguish aldosteronomas from adrenal 
hyperplasia in many people; but aldosteronomas 
may be very small and not always readily 
apparent. In these cases, and in most patients 
older than 40 years, adrenal vein sampling is rec- 
ommended to lateralize the lesion.?° 


Pheochromocytoma 


Pheochromocytoma is a catecholamine-producing 
tumor of the adrenal medulla. Symptoms include 
hypertension, headache, diaphoresis, and tremor.?° 
Screening for pheochromocytoma should include 
the measurement of plasma fractionated meta- 
nephrines and normetanephrines or 24-hour total 
urinary metanephrines. Additionally, genetic coun- 
seling should be offered, as up to 25% of patients 
with pheochromocytoma has associated familial 
syndrome, including von Hippel-Lindau, multiple 
endocrine neoplasia type 2, neurofibromatosis 
type I, or succinate dehydrogenase mutations. 


SURGICAL INDICATIONS 


In general, indications for adrenalectomy include 
hormonally active adrenal tumors, enlarging le- 
sions, masses with concerning radiographic char- 
acteristics, and large lesions greater than 4 to 
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6 cm, as the risk of ACC increases over this 
threshold.*° Hormonally inactive tumors less than 
3 cm are almost uniformly benign adrenal ade- 
nomas that do not require intervention, unless 
signs of hormonal activity develop or they increase 
in size. Indications for robotic adrenalectomy in 
particular mirror those of laparoscopic adrenalec- 
tomy and include most adrenal tumors, except 
those concerning for ACC, which should still be 
approached with open surgery. For larger tumors 
found to be locally invasive or otherwise concern- 
ing for ACC during minimally invasive adrenalec- 
tomy, most investigators recommend an open 
conversion.°°:>! 


SURGICAL TECHNIQUE 
Positioning, Approach, and Port Placement 


Patients are placed in the modified left or right 
flank position with the side of the lesion facing 
up. All pressures points are carefully padded with 
a combination of pillows and foam, and patients 
are secured to the surgical table with tape. The pa- 
tients’ arms are placed in a mildly flexed position 
either over a double arm board or tucked next to 
the body. 

Multiple surgical approaches have been des- 
cribed to access the adrenal gland, but the 2 
most common approaches are the lateral transab- 
dominal adrenalectomy (LTA) and the posterior 
retroperitoneoscopic adrenalectomy (PRA). 

LTA is the most common transperitoneal ap- 
proach. This approach allows greater working 
space than the retroperitoneal approach, which 
can be beneficial for larger tumors and obese pa- 
tients.°* Patients are placed in the flank position 
with the side of the tumor facing up, allowing grav- 
ity to retract the abdominal contents medially. 

LTA port placement is illustrated in Fig. 1. After 
initiating pneumoperitoneum with a Veress needle, 
a 12-mm camera port is placed superolateral to 
the umbilicus. Next, two 8-mm robotic ports are 
placed under vision, 1 below the costal margin at 
the later border of the rectus and the other ceph- 
alad to the anterosuperior iliac spine. All robotic 
ports should have at least 8 cm of distance be- 
tween them to prevent clashing. A 12-mm assis- 
tant port is place between the camera port and 
lower robotic port. For right-sided cases, a 5-mm 
port can be placed below the xiphoid process to 
place a liver retractor. Finally, the robot is docked 
coming over the patients’ ipsilateral shoulder. 

PRA is the most common retroperitoneal 
approach.°° This approach allows avoidance of 
entering the peritoneal cavity, which may be bene- 
ficial in patients with prior abdominal surgery. 
However, there is often less working room and 
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Fig. 1. Port placement for (A) left-sided and (B) right-sided robotic adrenalectomy. 


anatomic landmarks may be unfamiliar compared 
with the transperitoneal view. Access to the retro- 
peritoneum is gained inferolateral to the tip of the 
12th rib by perforation the dorsal lumbar fascia 
and with finger dissection of the retroperitoneal 
space.'' Next, two 8-mm incisions for the robotic 
working arms are made medial and lateral to the 
camera port with finger guidance to ensure they 
are positioned in the retroperitoneum. A balloon 
can be used to dissect and inflate the retroperito- 
neal space; the ports are placed; and the robotic is 
docked. 

In a systematic review and meta-analysis 
comparing LTA and PRA during laparoscopic 
adrenalectomy, there was no difference in opera- 
tive time, blood loss, time to ambulation, oral 
intake, or complication rate between techniques, 
with equivocal findings for hospital length of stay 


(LOS) and convalescence time.** A more recent 
meta-analysis found no difference in any perioper- 
ative outcome, including operative time, blood 
loss, hospital stay, time to oral intake, overall and 
major morbidity, and mortality.°° 


SURGICAL STEPS 


For left-sided tumors, the splenorenal and spleno- 
colic ligaments are divided and the spleen, colon, 
and pancreas are medialized to visualize the adre- 
nal gland. Next, the renal hilum is identified and the 
left renal vein is dissected to identify the left adre- 
nal vein (Fig. 2). 

For right-sided adrenal tumors, the triangular lig- 
ament of the liver is released and the liver is re- 
tracted superiorly to exposure the adrenal gland. 
Minimal to no reflection of the colon is needed 


Fig. 2. Identification of the left adrenal vein draining 
into the left renal vein. 


on the right side. Next the duodenum is Kocher- 
ized to expose the inferior vena cava and the right 
adrenal vein is identified. 

Once the adrenal vein is identified, it is clipped 
and ligated (Fig. 3). Next the adrenal gland is 
dissected circumferentially, first by dissecting the 
gland off of the upper pole of the kidney and work- 
ing medially. The arterial blood supply can be 
controlled with clips or a bipolar tissue-sealing de- 
vice. Gerota’s fat on the upper pole of the kidney 
can be taken with the adrenal gland to avoid direct 
manipulation of the gland itself. Once the adrenal 
is completely dissected, it is placed in an entrap- 
ment sac and removed by extending one of the 
port sites. Routine placement of a drain is not 
required. The robotic is undocked, and the ab- 
domen is closed in the standard fashion. 


OUTCOMES 


Several studies have evaluated the safety and 
feasibility of robotic adrenalectomy, which are 


Fig. 3. The adrenal vein is ligated with clips and 
divided. 
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summarized in Table 2.°°“? The first study from 
Winter and colleagues*° in 2006 reported outcomes 
of 30 robotic adrenalectomies using an LTA 
approach. In this initial series, they reported an oper- 
ating room (OR) time of 185 minutes, no conver- 
sions, a 7% complication rate, and a median LOS 
of 2 days. Subsequent studies demonstrated 
shorter OR times, with otherwise similar outcomes 
as shown in Table 2. 

There have been multiple series comparing out- 
comes of robotic and laparoscopic adrenalectomy. 
The initial series, reported by Morino and col- 
leagues,*° compared outcomes of 10 robotic and 
10 laparoscopic cases. In this early series, the in- 
vestigators found that the laparoscopic approach 
had a shorter OR time (115 vs 169 minutes), more 
conversions (4 vs 0), and longer LOS (5.7 vs 
5.4 days). Brunaud and colleagues** evaluated a 
larger cohort of 50 robotic and 59 laparoscopic ad- 
renalectomies. Although the OR time was again 
longer in the robotic cohort (189 vs 159 minutes), 
the estimated blood loss (EBL) was less (49 vs 
71 mL) and the LOS was shorter in the robotic 
cohort (6.3 vs 6.9 days), whereas conversions 
were similar (4 vs 4). Agcaoglu and colleagues '° 
compared outcomes in patients with large adrenal 
tumors. The investigators evaluated 24 patients in 
the robotic cohort and 38 in the laparoscopic group 
with a mean tumor size of more than 6 cm. The 
investigators found favorable outcomes in the 
robotic arm in all domains evaluated: shorter OR 
time (159.4 vs 187.2 minutes), lower EBL (836.6 
vs 166.6 mL), less conversions (1 vs 4), and shorter 
LOS (1.4 vs 1.9 days). The same group also evalu- 
ated robotic versus laparoscopic PRA.*? Again, a 
robotic approach was associated with a shorter 
OR time (163.2 vs 165.7 minutes), less EBL (25.3 
vs 35.6 mL), and similar LOS (1 vs 1 day). 

Comparative robotic and laparoscopic series 
have also been reported for specific patient co- 
horts. Aksoy and coauthors? compared out- 
comes in obese patients.*° Evaluating 42 robotic 
patients and 57 laparoscopic, the investigators 
found similar OR times (186.1 vs 187.3), less 
EBL (50.3 vs 76.6 mL), and shorter LOS (1.2 vs 
1.7 days). Aliyev and colleagues'? reported out- 
comes in patients undergoing 25 robotic and 40 
laparoscopic adrenalectomies for pheochromocy- 
toma. The investigators found that patients under- 
going robotic surgery had shorter OR time (149 vs 
178 minutes), less EBL (86 vs 43 mL), fewer con- 
versions (1 vs 3), and shorter LOS (1.2 vs 1.7 
days). 

Because of the disparate outcomes from the 
single-institution comparative series discussed 
earlier, Brandao and colleagues“° performed a sys- 
tematic review and meta-analysis of robotic versus 
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Table 2 
Robotic adrenalectomy feasibility series 


OR Time Mean Tumor 
Series (min) 
Winter et al,?? 2006 185 2.4 
Brunaud et al,*° 2008 99 2.9 
Giulianotti et al,?” 118 5.5 


Size (cm) 


2011 
Raman et al,*! 2012 117 7.0 


Nordenstrom et al,*° 113 5.3 
2011 

Agcaoglu et al,” 163.2 3.1 
2012 


Karabulut et al,?® 166 3.9 
2012 


Abbreviations: NR, not reported; OR, operating room. 
Data from Refs.°° “2 


laparoscopic adrenalectomy. This meta-analysis 
of 9 studies included 600 patients (277 in the ro- 
botic group and 323 in the laparoscopic). They 
found no difference in conversion rates, OR time, 
or postoperative complications. However, LOS 
and EBL were less in the robotic group. Table 3 
summarizes the outcomes of the robotic and 
laparoscopic comparative series. 


Partial Adrenalectomy 


Although the standard of care for most adrenal le- 
sions is total adrenalectomy, there are a few situ- 
ations in which partial adrenalectomy is an option. 
The indications include patients with heredity can- 
cer syndromes (von Hippel-Lindau, multiple endo- 
crine neoplasia type 2, neurofibromatosis type I, 
or succinate dehydrogenase mutations)?! and in 
a solitary adrenal glands.”* The technique for ro- 
botic partial adrenalectomy was initially described 
by Kumar and colleagues? from New York Uni- 
versity as well as Boris and colleagues?! from 
the National Cancer Institute. Port placement 
and adrenal exposure are similar to total adrenal- 
ectomy. The adrenal vein is clipped and divided 
for right-sided tumors but can be spared for 
some left-sided disease depending on the tumor 
locations. Intraoperative ultrasound is used to 
identify the tumor. In the case of pheochromo- 
cytoma, lesions appear as well-demarcated, ho- 
mogenous, hypoechoic lesions. The tumor 
pseudocapsule is identified, and the tumor is 
enucleated with blunt dissection. Care is taken 
to preserve the adrenal by limiting superomedial 
dissection. Hemostasis is obtained with clips or 
cautery. 


Conversions (%) Complications (%) 


0 7 
5 10 
0 4.8 


10 
13 


Asher and colleagues*’ reported outcomes for 
robotic partial adrenalectomy for pheochromocy- 
toma in 15 patients. In that series, 4 patients had 
solitary adrenal glands. The mean OR time was 
163 minutes, and the mean EBL was 161 mL. The 
median tumor size was 2.7 cm. One patient 
required elective conversion to an open procedure. 
At a median follow-up of 17.3 months, there were 
no local or metastatic recurrences. 

There have been no comparative series of ro- 
botic and laparoscopic partial adrenalectomy or 
prospective studies. More investigation is needed 
to fully define the role of partial adrenalectomy and 
the robotic approach. 


Metastasectomy 


Metastases are the second most common tumor 
of the adrenal gland after benign adenomas.”° 
The most common primary malignancies with ad- 
renal metastases are lung, kidney, breast, and co- 
lon.*® Although most adrenal metastases occur in 
the setting of diffuse metastatic disease, patients 
with isolated adrenal metastases may have a 
benefit from surgical resection.’ The largest sur- 
vival benefit is generally seen in patients with soli- 
tary lesions, a long disease-free interval, and 
smaller tumor size.°° 

The role of minimally invasive adrenal metasta- 
sectomy has been established in multiple laparo- 
scopic series.°'°° In a study by Strong and 
colleagues** comparing 63 open and 31 laparo- 
scopic adrenal metastasectomies, the median 
survival was similar between groups at 30 months, 
whereas a laparoscopic approach was associated 
with less OR time, LOS, EBL, and complications. 


Table 3 
Comparative robotic and laparoscopic adrenalectomy series 


OR Time, min Conversions, n Complications, n 
Series n (Robotic vs Lap) (Robotic vs Lap) LOS, d (Robotic vs Lap) EBL (Robotic vs Lap) (Robotic vs Lap) 


Morino et al,® 2004 10 vs 10 169 vs 114 5.7 vs 5.4 NR 4vs 0 0 vs 0 
Brunaud et al,““ 2008 50 vs 59 189 vs 159 6.3 vs 6.9 49 vs 71 4vs4 5 vs 9 


Agcaoglu et al,'° 2012 24 vs 38 159 vs 187 1.4 vs 1.9 84 vs 167 1 vs 4 0vs 0 
Agcaoglu et al,“* 2012 31 vs 31 163 vs 166 1 vs 1 25 vs 36 NR 0 vs 0 
Karabulut et al,?® 2012 50 vs 50 166 vs 164 1.1 vs 1.5 41 vs 41 1vs 2 1vs5 
Pineda-Solis et al,'> 2013 30 vs 30 190 vs 160 1.3 vs 1.9 30 vs 55 Ovs5 0 vs 0 
Aksoy et al,*° 2013 42 vs 57 186 vs 187 1.3 vs 1.6 50 vs 77 Ovs 3 1vs 2 
You et al,°? 2013 15 vs 8 207 vs 183 5.8 vs 6.7 NR 0 vs 0 2 vs 2 
Aliyev et al,'° 2013 25 vs 40 149 vs 178 1.2 vs 1.7 36 vs 43 1vs 3 1vs 2 


Abbreviation: NR, not reported. 
Data from Refs, 1516 19,38,42-45,55 
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The role of robotic metastasectomy is still being 
defined. Kumar and colleagues** described the 
first robotic-assisted metastasectomy in a patient 
with an isolated adrenal metastasis from a renal 
primary. However, to date, no case series or com- 
parative studies have evaluated robotic adrenal 
metastasectomy. 


SUMMARY 


Robotic adrenalectomy is a safe procedure with 
comparable perioperative outcomes to laparo- 
scopic surgery. Robotic surgery is potentially ad- 
vantageous in terms of shorter hospital LOS and 
less EBL, though these benefits may come at the 
cost of increased surgical expense. A robotic 
approach may offer technical advantageous for 
large tumors, pheochromocytomas or for partial 
adrenalectomy, though these observations from 
retrospective series should be confirmed. Ulti- 
mately, a well-conducted, prospective random- 
ized controlled trial is needed to define the role 
of robotics in adrenal surgery. Until then, the wide- 
spread adoption of robotic technology may lead to 
decreased case cost. For the time being, laparo- 
scopic adrenalectomy is the standard of care; 
but robotic adrenalectomy remains an option at 
centers adept at robotic surgery. 
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KEY POINTS 


e The demand for surgical correction of pelvic organ prolapse is expected to grow as the aging 
population remains active and focused on quality of life. 

e Definitive correction of pelvic organ prolapse can be accomplished through both vaginal and 
abdominal approaches. 

e The preponderance of data cite the superiority of abdominal sacrocolpopexy in the durable correc- 
tion of apical prolapse. 

e The application of robotics and the pervasive concern regarding the transvaginal placement of 
synthetic mesh has revitalized and emboldened sacrocolpopexy. 


INTRODUCTION Among those patients with severe apical relaxa- 
tion and/or multicompartment prolapse with an 
apical component, the superiority of abdominal 
sacral colpopexy (ASC) is well established.° The 
principal tenet of surgical correction for pelvic pro- 
lapse is the durable restoration of the vaginal apex 
in a fashion that provides improved urinary, sexual, 
and bowel function.* Sufficient level | evidence ex- 
ists to suggest that open ASC offers consistently 
higher objective success rates and lower rates of 
dyspareunia compared with sacrospinous-based 
vaginal repair.®® However, these favorable results 
have traditionally come at the expense of 
increased short-term morbidity and prolonged 
convalescence.’ 

The application of laparoscopy and robotics 
during ASC has dramatically improved the 
morbidity associated with the procedure while 


Pelvic organ prolapse (POP) is expected to affect 
nearly 50% of all women during their lifetimes. ' 
POP can be severely lifestyle limiting and is a 
particularly germane concern given the aging pop- 
ulation, the frequency with which prolapse affects 
this subgroup, and their general emphasis on 
maintaining an active and robust quality of life.” 
Definitive correction of POP is surgical, and is 
chiefly accomplished through vaginal-based or 
abdominal-based reconstruction. The optimal 
choice of treatment is predicated not only on 
patient-derived factors including the degree and 
nature of pelvic relaxation, comorbidities, and the 
integrity of the individual patient’s tissue but also 
on the experience and expertise of the operating 
surgeon, and is taken in the context of evidence- 
based outcomes. 
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continuing to offer durable and satisfactory out- 
comes.° Coupled with the current litigious climate 
surrounding mesh-augmented vaginal repair, 
laparoscopic and, more recently, robotic ASC 
has become the preferred corrective procedure 
for POP among many patients and providers.’ 
This article focuses on the indications and patient 
evaluation for robotic ASC, describes its surgical 
nuances through intraoperative photographs, dis- 
cusses the economic ramifications of robotic 
ASC, and addresses the controversy surrounding 
the application of synthetic mesh. 


PATIENT EVALUATION AND PREPARATION 


Candidates for robotic ASC include women with 
symptomatic stage II or greater POP including api- 
cal relaxation, those with recurrent prolapse 
following primary vaginal repair, and/or those 
with POP and the need for concomitant abdominal 
surgery. Women with an in situ uterus should be 
evaluated for postmenopausal or abnormal uterine 
bleeding, undergo transvaginal ultrasonography 
as indicated to rule out a suspicious mass, and 
should have a clearly documented Pap smear his- 
tory. Based on the aforementioned evaluation, 
appropriate candidates may be considered for 
sacrohysteropexy or may elect to undergo 
concomitant supracervical hysterectomy at the 
time of sacrocolpopexy (our preferred practice). 
Prior abdominal surgery is common among this 
patient population but is not a contraindication. 
Although patients should be counseled on the 
risk of a hostile abdomen and the potential need 
for extensive adhesiolysis or enterotomy, we 
have encountered few women for whom a mini- 
mally invasive approach to ASC was untenable. 
Surgical candidates should undergo a thorough 
but directed history and physical examination. 
Utmost effort should be made to reconcile the pa- 
tient’s symptoms with their examination findings. 
The most common presenting symptoms include 
vaginal pressure or heaviness, the presence of a 
vaginal bulge, as well as urinary, sexual, and bowel 
disorders. Women with severe prolapse may 
report the need for manual reduction and/or the 
ability to palpate or directly visualize the vaginal 
apex or uterus. Urinary incontinence is frequently 
encountered and is typically mixed in nature. 
Occult stress urinary incontinence should be 
considered and accounted for. A weeklong voiding 
log and postvoid residual measurement are rec- 
ommended, and quality-of-life questionnaires are 
useful to establish a baseline for later reference. 
Multichannel urodynamics may be judiciously 
used, especially among women with high-grade 
prolapse. In our experience, many women with 


severe POP have an element of detrusor underac- 
tivity owing to prolonged relaxation. Patients 
should be counseled before surgery on the possi- 
bility of persistent and/or de novo postoperative 
voiding dysfunction or hesitancy, especially in the 
setting of concomitant midurethral sling. It is criti- 
cally important to assess the patient’s desire for 
sexual activity and whether the existing prolapse 
has been a factor in that decision. Dyspareunia 
should be discussed as a rare but possible 
adverse event. In addition, many women with mul- 
ticompartment POP report chronic constipation, 
and particular attention must be paid to bowel 
function after surgery to avoid repetitive stress on 
the integrity of the reconstruction. 

Physical examination should be systematic and 
thorough. A bimanual examination should be per- 
formed to assess for the presence and size of a 
uterus (if present) and the presence of adnexal dis- 
order. We prefer to use a bivalve speculum to 
assess the vaginal apex and/or cervix. The specu- 
lum is then disarticulated to evaluate the anterior 
and posterior compartments separately. The pres- 
ence and grade of prolapse in the anterior, apical, 
and posterior compartments should be quantified 
using the pelvic organ prolapse quantification 
(POP-Q) system.® Estrogen status and the integrity 
of the levator musculature and perineal body are 
likewise assessed. 

Acough stress test and/or cotton swab test may 
be performed in the office to address potential ure- 
thral hypermobility and stress urinary inconti- 
nence. Likewise, in-office cystoscopy can be 
selectively performed at the time of vaginal exam- 
ination to concomitantly assess the degree of 
POP, the anatomy of the bladder and urethra, 
and to perform the cough stress test. Although 
published studies suggest that women without ex- 
isting complaints of stress incontinence may 
benefit from midurethral sling owing to the pres- 
ence of occult leakage, our practice is to individu- 
alize our approach to sling placement including 
intraoperative Credé maneuver.” 

Informed consent for robotic ASC should 
include a thorough explanation of the surgical 
steps of the procedure and well as its surgical risks 
including, but not limited to, injury to the bladder or 
ureters, mesh-related complications including 
erosion or extrusion (approximately 5%), inadver- 
tent vaginal entry, vaginal foreshortening, dyspar- 
eunia, postoperative voiding dysfunction 
including retention, bowel injury, and other impon- 
derables. Selective medical clearance should be 
performed. A type and screen is not needed. 
Venous thromboembolism prophylaxis is used 
with either sequential compression devices or 
subcutaneous heparin. '° 


ROBOTIC SACROCOLPOPEXY: TECHNIQUE 
AND NUANCES 
Step 1 


General endotracheal anesthesia is administered 
in the supine position and the patient is then con- 
verted to the low lithotomy position in Allen stirrups 
(Fig. 1). The patient’s arms are tucked and a foam 
back pad is used to prevent movement while in the 
Trendelenburg position. The patient’s perineum 
should approach the edge of the bed to facilitate 
external manipulation of the vagina during the pro- 
cedure as well as to facilitate access to the vagina 
for subsequent midurethral sling and/or distal rec- 
tocele repair, as needed. A Foley catheter and 
vaginal manipulator are placed. 


Step 2 


The relevant pelvic landmarks are identified and an 
approximately 12-mm incision is made in a peri- 
umbilical or supraumbilical fashion. Access to the 
peritoneum is achieved with either a Veress needle 
or a Hassan trocar. The abdomen is insufflated 
with CO, gas to a maximum pressure of 15 mm 
Hg. If a Veress needle is used, it is exchanged 
for a standard 12-mm operative trocar. We often 
use a balloon-tipped cannula to prevent inadver- 
tent slippage of the trocar, which is commonly 
encountered in the very obese or the very petite. 
The da Vinci robotic 0° camera (Intuitive Surgical, 
Sunnyvale, CA) is introduced and the abdomen 
widely inspected. The patient is then placed in 
steep Trendelenburg position and the table is 
maximally lowered. Under direct vision, three 8- 
mm robotic trocars and one 12-mm standard 
trocar are placed at or below the level of the umbi- 
licus in a standard sawtooth configuration (Fig. 2). 
The robot is then positioned with its base either 
between the patient’s legs (standard docking) or 
at an acute perpendicular angle near the base of 
the operative table (side dock). Many urologists 


Fig. 1. Patient positioning and representative port 
placement during robotic sacrocolpopexy. A Veress 
needle has been placed and insufflation has been 
initiated. 


Pelvic Organ Prolapse 


Fig. 2. Representative port placement for robotic 
sacrocolpopexy. 


are more comfortable with a standard docking 
approach given its ubiquity during male pelvic sur- 
gery. However, side docking, commonly used dur- 
ing benign gynecologic procedures, offers several 
distinct advantages during ASC, including unfet- 
tered access to the vagina for manipulation and 
anatomic guidance (Fig. 3). 


Step 3 


Once the robot has been docked, we insert right- 
handed 8-mm monopolar shears and left-handed 
ProGrasp forceps. The accessory (most lateral 
8-mm robotic trocar on the left side) robotic port 


Fig. 3. The robot was side-docked during robotic ASC. 
The surgical assistant has unencumbered access to the 
patient's vagina and is able to manipulate the uterus/ 
vagina as dictated by the operating surgeon. 
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is provided with Cadiere forceps. We prefer Ca- 
diere forceps for manipulation and retraction of 
the sigmoid mesentery because the closing 
force/crushing potential of the Cadiere is signifi- 
cantly less than that of the ProGrasp. Identification 
of relevant pelvic anatomy ensues including adhe- 
siolysis as needed. The Foley catheter is manipu- 
lated to clearly demarcate the limits of the 
bladder and the vaginal manipulator is used to 
define the apex of the vagina. 


Step 4 


Dissection is carried onto the anterior surface of 
the vagina following hysterectomy or continues 
onto the anterior surface of the cervix and vagina 
immediately following supracervical hysterectomy 
(Fig. 4). The peritoneum is incised at the vaginal 
apex and the avascular plane between the poste- 
rior aspect of the bladder and the anterior aspect 
of the vagina is developed. In general, blunt 
dissection with directed pinpoint monopolar cau- 
tery nicely sweeps the bladder off the anterior sur- 
face of the vagina. This dissection is carried down 
to the approximate level of the trigone, which can 
be identified by manipulating the Foley catheter. In 
some instances, identification of this plane of 
dissection can be tedious, especially among those 
women who have undergone prior hysterectomy 
or transvaginal prolapse repair. Filling of the 
bladder through the Foley catheter may help delin- 
eate its contours. Inadvertent vaginotomy or cys- 
totomy may occur and should be recognized 
immediately. Although less than ideal, this type 
of surgical misadventure may ultimately afford 
the surgeon a clearer understanding of the pa- 
tient’s anatomy and the limits and contours of 
the bladder and vagina. These entries should be 


Fig. 4. Dissection is initiated at the vaginal apex. The 
peritoneum is incised and an areolar dissection plane 
is developed between the anterior aspect of the va- 
gina and the posterior aspect of the bladder. 


used to inform the remaining dissection and then 
closed in multiple layers using absorbable suture. 
Care should be taken to avoid direct mesh apposi- 
tion, if possible, at the site of any vaginotomy or 
cystotomy. 


Step 5 


The posterior peritoneum is then dissected off the 
cervical stump/posterior vagina and carried 
distally toward the rectovaginal pouch. In general, 
the initial dissection can be indistinct (Fig. 5) but, 
with further progress, a nice areolar plane avails it- 
self down to at least the level of peritoneal reflec- 
tion and perhaps farther to the presumed level of 
the perineal body (Fig. 6). Again, the bedside as- 
sistant can help reconcile the approximate level 
of posterior dissection. 


Step 6 


The sacral promontory is then palpated and the 
retroperitoneum opened to expose the anterior 
longitudinal ligament (Fig. 7). The promontory typi- 
cally is readily apparent in all but the most obese of 
patients. A bedside assistant can directly palpate 
the sacrum using a laparoscopic suction/irrigator 
to verify its location. However, in our experience, 
learned tactile feedback with the robot makes 
identification straightforward. 


Step 7 


A retroperitoneal tunnel is created from the level of 
the sacral promontory down the length of the pos- 
terior cul-de-sac to meet with the previously 
created peritoneotomy over the posterior aspect 
of the vagina (Figs. 8 and 9). As an alternative, 


Fig. 5. The posterior dissection is again initiated at 
the vaginal apex or posterior aspect of the cervical 
stump. Creation of this plane posteriorly can be chal- 
lenging and care must be taken to avoid inadvertent 
vaginotomy or thinning of the peritoneum. 


Fig. 6. Similar to the anterior dissection, a clearly visu- 
alized areolar plane becomes apparent as the posterior 
dissection is carried toward the posterior cul-de-sac 
and perineal body. 


the retroperitoneum can be opened down the 
length of the posterior pelvis. Although creating a 
retroperitoneal tunnel hastens reconstruction later 
in the procedure, the availability of barbed suture 
has made reconstruction of the incised perito- 
neum straightforward. If a tunnel is not created, cli- 
nicians must be cognizant of the right ureter and 
must avoid its entrapment during closure. 


Step 8 


A prefashioned, Y-shaped, lightweight (macropo- 
rous) polypropylene mesh is trimmed to approxi- 
mately 6 to 7 cm anteriorly and posteriorly but 
this length is depends heavily on patient-specific 
anatomy and must be individualized. The mesh is 
rolled up and introduced (Fig. 10). 


Step 9 


The Y-shaped graft is unrolled and laid flat over the 
anterior aspect of the vagina and/or cervical stump 
and vagina (Fig. 11). It is affixed to the anterior 
aspect of the vagina and/or cervical stump using 
a series of 0-Vicryl sutures (Fig. 12). Six sutures 
are typically placed both anteriorly and posteriorly 
in 3 rows of 2 sutures each. We prefer to take full- 
thickness bites of the vagina/robust bites of the 


ed Scissors 


Fig. 7. The sacral promontory is identified and the ret- 
roperitoneum incised. The anterior longitudinal liga- 
ment is exposed. 


Pelvic Organ Prolapse 


Fig. 8. A retroperitoneal tunnel is created using the 
blunt tip of the ProGrasp forceps. In some circum- 
stances, a single tunnel cannot be developed and a 
stepwise approach to creating the tunnel should be 
adopted. As an alternative, the retroperitoneum 
may be opened from the level of the promontory 
down to the posterior cul-de-sac. 


cervical stump but not enough to bunch the graft 
(Fig. 13). Suture fixation posteriorly can be tedious 
and clinicians should be comfortable throwing su- 
tures at a variety of angles to best seat the graft in 
a flat fashion (Fig. 14). We also prefer to use a 
MegaCut or suture-cut needle driver in the right 
hand to expedite this step through economy of 
movement. Clinicians may also consider fixing 
the graft to the vagina using a barbed suture in a 
switchback fashion. The flexibility of the barbed 
suture obviates repetitive suture exchange but 
may cause transient scalloping of the vaginal 
mucosa if thrown in a full-thickness fashion. 


Step 10 


The tail of the graft is brought out through the 
retroperitoneal tunnel (or up to the level of the 
promontory if the retroperitoneum was split) 
(Fig. 15). The tail of the graft is affixed to the 


Fig. 9. Creation of the retroperitoneal tunnel. 
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Fig. 10. The Y-shaped polypropylene graft is intro- 
duced into the patient's abdomen by rolling the graft 
around a laparoscopic instrument. 


anterior longitudinal ligament using 2 interrupted 
0 Ethibond sutures (Fig. 16). We prefer to throw 
a right forehand, left forehand slipknot stitch that 
allows the graft to be securely affixed to the liga- 
ment. Care must be taken to apply appropriate 
but not undue tension when reducing the vaginal 
apex externally. Overtightening of the graft fails 
to account for inevitable mesh contracture and po- 
tential vaginal foreshortening. 


Step 11 


The retroperitoneum is closed over the vagina and 
sacrum using a running barbed suture of choice 
(Fig. 17). We find this technique again provides 
secure and efficient coverage of the graft. 


Step 12 


The abdomen is desufflated following removal of 
all ports under direct vision. The midline 12-mm 
incision is closed using a O-Vicryl suture in a 


Fig. 11. The graft is laid flat against the anterior 
aspect of the vagina/cervical stump and the posterior 
leaflet of the graft is tucked within the peritoneal 
pocket. 


Fig. 12. The anterior leaflet of the graft is affixed to 
the vagina/cervical stump using interrupted, dyed 
0-Vicryl suture on a CT-2 needle. 


meticulous fashion. Skin incisions are then closed 
in a subcuticular fashion. 


Step 13 


The patient is converted to the exaggerated lithot- 
omy position and a thorough vaginal examination 
performed to assess for apical support. Often, a 
distal rectocele has been inadequately addressed 
abdominally and requires primary vaginal repair at 
this stage. Cystoscopy is likewise performed to 
ensure ureteral efflux and integrity of the bladder. 
If a midurethral sling is planned, it is performed 
at this time. A Foley catheter is replaced as well 
as an estrogen-soaked vaginal pack. 


COST CONSIDERATIONS OF ROBOTIC 
SACROCOLPOPEXY 


As with any new technology-driven surgical 
approach or technique, a thorough inquisition of 


Fig. 13. We prefer to take a full-thickness purchase of 
the vaginal wall that spans 4 pores on the graft. This 
technique affords secure fixation of the graft without 
bunching. 


Pelvic Organ Prolapse 


Fig. 14. The posterior leaflet of the graft is affixed in 
a similar fashion. This intraoperative image shows the 
surgical flexibility that is needed in obtaining a robust 
posterior bite. The needle may need to be thrown in a 
vertical, horizontal, forehand, or backhand fashion to 
obtain the ideal results. 


its safety/morbidity, efficacy, and economics must 
be performed. Robotic ASC offers the promise of 
decreased morbidity compared with its open 
counterpart and, based on multiple published 
studies, seems to offer comparable durability 
without discordant risk or surgical complexity. 11713 
Despite its clear ability to be effective in accom- 
plishing its task, it remains uncertain whether ro- 
botic ASC can be efficient to that end. 

Research on the cost-effectiveness of robotic 
ASC has thus far largely consisted of retrospective 
studies and/or cost-minimization analyses.'*'° 
Results have been conflicting, with most studies 
detecting increased costs with the robotic 
approach compared with either open or laparo- 
scopic ASC. In addition, although the sunk cost 
of the robot is an expected cost driver, prolonged 


Fig. 15. The tail of the graft is brought up through 
the retroperitoneal tunnel. The vagina is reduced 
from below and the graft is tensioned appropriately. 


Fig. 16. The graft is affixed to the anterior longitudi- 
nal ligament using 2 interrupted 0 Ethibond sutures 
on an SH needle (tapered). A slipknot stitch affords 
secure apposition of the graft to the promontory. 


operative time and general operating room costs 
with robotic ASC seem significant as well.'” 

More recently, a randomized controlled trial was 
conducted specifically to assess outcomes be- 
tween laparoscopic and robotic ASC.'® A total of 
78 women with symptomatic stage II or greater 
POP including significant apical support loss 
were randomized to either laparoscopic (n = 38) 
or robotic (n = 40) ASC. Primary outcomes 
focused on cost and readmission rates with sec- 
ondary outcomes centered on anatomic outcomes 
and quality of life. No differences were noted in the 
two groups with respect to these secondary out- 
comes or readmission rates. Robotic ASC was 
more expensive than laparoscopic ASC by nearly 
$1000 ($12,586 vs $11,573) per case, but this dif- 
ference was not statistically significant. The inves- 
tigators cited the robot purchase price and 
maintenance costs as the primary difference 
makers with respect to cost. 


Fig. 17. The peritoneal defect is closed using a 
running barbed suture. 
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Critics of these aforementioned studies (both 
prorobot and prolaparoscopy) cite the difficulty in 
capturing cost versus charges and the absolute 
lack of uniformity with which charges are calcu- 
lated. Still others point out the inherent bias in 
many of these prospective studies, namely the in- 
vestigators’ lack of experience with robotic ASC 
compared with laparoscopic ASC. The investiga- 
tors of many of these studies, many of whom 
have years of laparoscopic ASC experience and 
are known to be excellent laparoscopists, re- 
garded a surgeon who had completed more than 
10 robotic ASCs as proficient.'”'® Given that 
many of these investigators are dedicated female 
medicine/pelvic floor surgeons who are not other- 
wise exposed to robotics in general, these costs 
must be considered in the potential context of 
inexperience. A surgeon who has only completed 
10 robotics cases naturally expends more re- 
sources on a per-case basis than a robotic sur- 
geon who performs 10 robotics cases per week. 
With greater experience comes reduced operative 
times, reduced disposable waste, the need for 
fewer robotic surgical instruments (suturing with 
a MegaCut driver to save disposable scissors 
and a ProGrasp as opposed to an additional nee- 
dle driver), and less surgical variability. These sur- 
gical refinements translate into reduced costs 
consistent with the focused factory principle of 
business. '? A better study design might compare 
costs incurred by an experienced laparoscopic 
ASC surgeon with a surgeon who regularly per- 
forms robotic cases, including robotic ASC. 

Does robotic ASC ultimately make economic 
sense? The capital investment of purchasing and 
maintaining a robot is an undeniable expense, 
but a recoverable one. With sufficient volume 
and surgical experience, standardization of dis- 
posables, sensible negotiating with industry driven 
by a value analysis team at the hospital level, and 
constant vigilance by the surgeon, we think that 
robotic ASC can offer patients and hospitals 
mutual benefits. 


CLIMATE OF FEAR: SYNTHETIC MESH IN THE 
TREATMENT OF POP 


The resurgence of ASC, brought about in part 
through robotics, has transpired at a time of great 
uncertainty in female pelvic medicine. In 2008, 
owing to growing public concern over a litany of 
reports focused on mesh-related complications, 
the US Food and Drug Administration (FDA) issued 
a public health notice regarding complications 
associated with the implantation of vaginal poly- 
propylene mesh.”° In the years that followed, addi- 
tional investigation by the FDA culminated in a 


formal public health safety notification and update 
in 2011 with the following findings?': 


e The FDA emphasized that complications 
associated with synthetic mesh are not rare. 

e Vaginal shortening, tightening, and/or pain 
caused by mesh were cited as previously un- 
identified risks. 

e Mesh used during transvaginal pelvic organ 
prolapse repair introduces risks not present 
in traditional nonmesh surgery. 

e Mesh placed abdominally for pelvic organ 
prolapse seems to result in lower rates of 
mesh-related complications compared with 
transvaginal prolapse repair with mesh. 

e Surgeons must fully explain the postoperative 
risks and complications associated with mesh 
and the limited long-term data regarding its 
use. 


The aforementioned communications have 
engendered a punitive and poorly substantiated 
litigious climate that has invoked concern, bewil- 
derment, and fear among providers and patients 
regarding the vaginal implantation of synthetic 
polypropylene mesh. The market for transvaginal 
mesh has experienced significant contracture as 
manufacturers have voluntarily withdrawn and/or 
narrowed its commercial availability. Further, the 
reclassification of vaginal mesh by the FDA and 
its attendant regulatory demands are likely 
to dissuade industry from future entry into the 
fray. Many providers have abandoned mesh- 
augmented repairs and are choosing to perform 
native-tissue transvaginal repairs or abdominal- 
based reconstruction. It is expected that ASC, 
particularly laparoscopic and robotic ASC, will 
experience significant growth.?? 


SUMMARY 


The demand for surgical correction of POP is ex- 
pected to grow rapidly as the general population 
of the United States ages and remains focused 
on quality of life. Robotic sacrocolpopexy is 
poised to become the preferred treatment 
approach for women with moderate prolapse 
and an apical component. Aversion to transvaginal 
mesh repair by patients, coupled with increasing 
comfort with robotics and abdominal-based 
reconstruction by providers, is expected to drive 
this conversion. Although costs with robotic ASC 
may seem to outpace alternative treatment op- 
tions, market forces and increased surgical profi- 
ciency are likely to render this issue outdated. 
Clinicians ultimately must seek to offer patients a 
tailored treatment algorithm that balances consis- 
tent and durable effectiveness with fiscal 


responsibility, minimizes risk to the patient, and 
marries the goals of the patient to the experience 
and purview of the surgeon. 
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KEY POINTS 


e The use of robotic assistance for microsurgery is still evolving. 
e Early experiences seem to confer some benefits, and more data are developing from many 


institutions. 


e As with any technology, the long-term feasibility and cost-effectiveness will be determined as 
further evaluation and randomized controlled studies are presented. 


INTRODUCTION 


The late 1970s witnessed 2 critical innovations in 
the treatment of infertility: (1) the operative micro- 
scope was introduced into male infertility micro- 
surgical procedures, and (2) baby Louise was 
born as a result of the first use of assisted repro- 
ductive technology (ART).'? Since then, several 
developments have occurred in ART. However, 
the technology in microsurgical infertility proce- 
dures has not really progressed until recently with 
the use of the da Vinci robotic platform (Intuitive 
Surgical, Inc, Sunnyvale, CA) for microsurgical 
vasectomy reversal.° Other disciplines, such as 
plastic surgery and hand surgery, have also 
explored the use of robotic assistance for micro- 
surgical procedures. 

Recent studies have shown that many microsur- 
gical procedures for male infertility can be per- 
formed using the da Vinci robot.* This article 
provides the tips and tricks of robotic-assistance 
for microsurgical procedures in the treatment of 
male infertility and andrology, and also reviews 
the latest literature. 


ROBOTIC-ASSISTED MICROSURGICAL 
VASECTOMY REVERSAL 


Vasectomy reversal is one of the most technically 
challenging procedures in urology (especially 
vasoepididymostomy). The operating microscope 
significantly improved outcomes of these 
demanding procedures.° However, these tech- 
niques require dedicated training, experience 
and a skilled microsurgical assistant. Robotic- 
assisted microsurgical approaches with the da 
Vinci robotic platform can provide some advan- 
tages to overcome some of these caveats. 
Parekattil and colleagues? reported comparable 
outcomes for robotic assisted microsurgical va- 
sectomy reversal (RAVV) compared with the pure 
microsurgical technique. However, these out- 
comes were achieved in the robotic group without 
the need for a skilled microsurgical assistant, and 
also included the robotic procedures performed 
during the early learning curve, thus indicating 
that perhaps the learning curve was shorter with 
robotic assistance than with the pure microscopic 
technique. 
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Recommended Instruments and Materials 


e da Vinci Si surgical robotic system 

e Zero-degree robotic camera 

e VITOM camera system (KARL STORZ GmbH 
& Co. KG, Tuttlingen, Germany) 

e Black Diamond Micro Forceps (Intuitive Surgi- 
cal, Inc) in left and right arms 

e Potts scissors (Intuitive Surgical, Inc) in the 
fourth arm 

e 10-0 nylon sutures (Sharpoint, Surgical Spe- 
cialties Corporation, Reading, PA) 

e 9-0 nylon sutures (Ethilon; Ethicon Endo- 
Surgery, Inc, Cincinnati, OH) 


Technique and Outcomes 


Both robotic and pure microsurgical approaches 


are performed with similar microsurgical princi- 
ples.* The 2 ends of the vas deferens are prepared 
through a scrotal incision and the proximal (testic- 
ular) vas fluid is assessed to see if any sperm are 
present. Robotic microsurgical vasectomy 
reversal is performed if sperm are found in the 
proximal vas deferens. If no sperm are found in 
the proximal vas deferens, robotic-assisted micro- 
surgical vasoepididymostomy (RMVE) is then per- 
formed. The da Vinci robotic platform is docked on 
the right side with the patient in the supine posi- 
tion. Black Diamond Micro Forceps are used as 
needle drivers in the left and right arms, and the 
Potts scissors in the fourth arm is used to cut 
tied sutures (Fig. 1). This configuration allows the 
surgeon to control 3 instruments, thus obviating 
the need for a skilled microsurgical assistant. 
Suture materials and techniques are similar to 
those used in standard microsurgery. Eight to ten 
9-0 nylon sutures are used for the muscularis 
anastomosis. Five to six double-arm 10-0 nylon 
sutures are used for mucosal lumen anastomosis 
(Fig. 2). The two posterior 9-0 sutures are first 
placed to anastomose the posterior muscularis 


plate. Two 10-0 posterior sutures are then used 
to anastomose the posterior mucosal plate. Four 
to Five 10-0 anterior sutures are placed to com- 
plete the mucosal lumen anastomosis. Six to eight 
9-0 nylon sutures are used to complete the ante- 
rior muscularis anastomosis. 

In RMVE, 2 double-arm 10-0 sutures are used 
for vasal mucosal lumen to epididymal tubule 
anastomosis (Fig. 3) using a longitudinal intussus- 
ception technique. The vasal muscularis layer is 
sutured to the epididymal tunica using six to eight 
9-0 nylon sutures. 

The 0 degree camera of the da Vinci robotic 
platform provides up to 12x to 15x magnification. 
The authors incorporate an additional camera sys- 
tem (VITOM) as a fifth arm to the da Vinci robotic 
platform to obtain better (up to 16x-20 x) magnifi- 
cation (see Fig. 1; Fig. 4). The TilePro (Intuitive 
Surgical, Inc) robotic surgical console software 
system allows viewing of 3 simultaneous real- 
time images (See Figs. 2 and 3). This 5-arm robotic 
approach enables microsurgeons to perform 
challenging maneuvers, including ultrafine suture 
placement and knot tying at 2 different focal 
lengths (2 different camera views, each at a 
different magnification), without needing to zoom 
in and out. The simultaneous viewing capabilities 
also allow microsurgeons to evaluate seminal fluid 
or tissues without having to stop operating. 

Santomauro and colleagues’ reported a 93% 
patency rates in 20 patients undergoing RMVV 
(18 bilateral RAVV, 2 unilateral RMVV). In this 
study, surgical residents (novice surgeons) were 
allowed to perform RMVV on one side, and the 
staff surgeon (experienced surgeon) performed 
the anastomosis on the contralateral side. No sta- 
tistically significant difference in operative times 
was noted between the experienced and novice 
surgeons. This study illustrated that the robotic 
platform could potentially be used to decrease 
the learning curve for microsurgery. 


Fig. 1. Operative set up for robotic-assisted microsurgical vasectomy reversal. 
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Black Diamond Micro Forceps 


Black Diamond Micro Forceps 


Fig. 2. View from surgeon console during RMVV. (A) Main view from the camera system of the da Vinci robotic 
platform, (B) real-time image from the left side with the andrology optical microscope (100x), and (C) view from 
the right side with the VITOM camera view for enhanced magnification. 


Gudeloglu and colleagues® recently published 
outcomes for 180 vasectomy reversal proce- 
dures (106 RMVV, 74 RMVE). In their series 
they reported 97% and 55% success rates in 
RMVV and RMVE procedures, respectively. Me- 
dian operative durations (skin to skin) were also 
reasonable, at 120 minutes for RMVV and 150 mi- 
nutes for RMVE. 


Ae 


Black Diamond Micro Forceps 


Robotic-assisted microsurgery also allows for 
novel microsurgical approaches; it allows micro- 
surgery to be performed in locations of the body 
that would otherwise be difficult to access with 
open and standard microscopic techniques. 
Trost and colleagues’ recently described the first 
bilateral intracorporeal robot-assisted micro- 
surgical vasovasostomy in a patient who had 


Black Diamond Micro Forceps 


Fig. 3. View from surgeon console during RMVE. (A) Main view from the camera system of the da Vinci robotic 
platform, (B) real-time image from the left side with the andrology optical microscope (100x), and (C) view from 
the right side with the VITOM camera view for enhanced magnification. 
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Fig. 4. VITOM camera system is being set up. 


bilateral iatrogenic vasal obstruction from prior 
bilateral inguinal hernia repair. The investigators 
reported a successful minimally invasive bilateral 
intracorporeal anastomosis. This procedure 
would have been very difficult and would have 
required a very large abdominal incision with 
standard microsurgical and open approaches. 
The robotic approach allowed the surgeon to 
perform this type of reconstruction successfully 
with only 4 small skin incisions (port sites, 
<1 cm each). 


ROBOTIC-ASSISTED MICROSURGICAL 
SUBINGUINAL VARICOCELECTOMY 


Robotic assistance can also be successfully used 
for microsurgical subinguinal varicocelectomy 
procedures.*'° In this procedure, dilated veins 
are extracorporeally tied and ligated with robotic 
microinstruments through a subinguinal incision. 
Use of the robotic platform allows microsurgeons 
to simultaneously use additional instruments, 
such as a micro-Doppler probe with the fourth ro- 
botic arm in real-time during dissection of vessels 
with the other 2 hands. 


Recommended Instruments and Materials 


da Vinci Si surgical robotic system 
Zero-degree robotic camera 

VITOM camera system 

Black Diamond Micro Forceps in the right arm 
Bipolar microforceps (Intuitive Surgical, Inc) in 
the left arm 

e Monopolar curved scissors (Hot Shears; Intu- 
itive Surgical, Inc) in the fourth arm 


e Micro-Doppler probes: VTI (Vascular Technol- 
ogy, Inc, Nashua, NH) or Aloka (Hitachi Aloka 
Medical America, Inc, Tokyo, Japan) 

e Two-inch 4-0 silk ties (Ethicon Endo-Surgery, 
Inc) 


Technique and Outcomes 


The procedure begins with a 1- to 2-cm subingui- 
nal incision. The spermatic cord is brought up and 
placed on a tongue-blade platform, and the da 
Vinci robotic platform is docked from the patient’s 
right side. The Black Diamond Micro Forceps are 
used in the right arm, bipolar microforceps in the 
left arm, and curved monopolar scissors in the 
fourth arm. The cremasteric muscle layer is sepa- 
rated and retracted using snaps on either side of 
the cord. The dilated veins are carefully dissected 
within the internal spermatic sheath. To avoid any 
inadvertent testicular arterial injury, Doppler ultra- 
sound confirmation is performed with micro- 
Doppler ultrasound probes (Fig. 5). Two different 
micro-Doppler probes are commercially available. 
The VTI micro-Doppler probe (Vascular Technol- 
ogy Inc) generates audible signals, and the Aloka 
micro-Doppler probe (Hitachi Aloka) produces a 
visual image that can be simultaneous seen in 
the surgeon console via the TilePro software dur- 
ing the surgery. These probes are used to identify 
the testicular arteries. Once Doppler ultrasound 
confirmation is performed, the dilated veins are 
securely ligated with 4-0 silk ties and cut using 
the robotic curved monopolar scissors. 

The authors’ group has recently published the 
outcomes of 238 robotic-assisted microsurgical 
varicocelectomy.® Significant improvement was 
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Fig. 5. Doppler evaluation of the spermatic cord vessels. (A) VTI audio micro-Doppler probe. (B) Aloka visual 


micro-Doppler probe. 


seen in sperm count and/or motility in 76% of the 
patients who had oligospermia; 28% of patients 
with preoperative azoospermia were found to have 
sperm in their ejaculate 6 months postoperatively. 
Pain scores were also significantly decreased in 
92% of patients who had testicular pain preope- 
ratively. Eighty-four percent of these patients with 
testicular pain had also undergone robotic- 
assisted targeted microsurgical denervation of the 
spermatic cord during the varicocelectomy. 

Mechlin and McCullough'' recently also 
showed comparable outcomes with robotic vari- 
cocelectomy. They also found that the robotic 
approach provided a more controlled training envi- 
ronment for residents and fellows to advance their 
microsurgical and robotic skills. |! 


ROBOTIC-ASSISTED MICROSURGICAL 
TESTICULAR SPERM EXTRACTION 


Microsurgical testicular sperm extraction (micro- 
TESE) has the highest sperm retrieval rates among 
various sperm retrieval techniques in patients with 
nonobstructive azoospermia. '* The use of robotic 
assistance for micro-TESE provides the surgeon 
with real-time simultaneous imaging of the testic- 
ular tissue evaluation by the embryologist while 
the surgeon is operating. This capability is helpful 
for identifying areas or tubules that may be more 
likely to harbor sperm. As future sperm imaging 
detection techniques evolve (such as probe- 
based confocal laser endomicroscopy and multi- 
photon microscopy), integration of this technology 
will likely be easier in the robotic platform 
compared with standard microsurgery. 


Recommended Instruments and Materials 


da Vinci Si surgical robotic system 
Zero-degree robotic camera 

VITOM camera system 

Black Diamond Micro Forceps in the right arm 
Bipolar microforceps in the left arm 

Potts scissors in the fourth arm 


Technique and Outcomes 


The procedure is performed with the patient in the 
supine position. The testicles are delivered 
through a midline scrotal incision and the da Vinci 
robotic platform is docked from the patient’s right 
side after the testicular tunica is incised. Black Dia- 
mond Micro Forceps, bipolar microforceps, and 
the Potts scissors are loaded into the right, left, 
and the fourth arms, respectively. The surgeon 
view on the robotic console is seen in Fig. 6. The 
microsurgeon can easily identify dilated seminifer- 
ous tubules with the da Vinci 3-dimensional cam- 
era and the extramagnified VITOM image, and 
simultaneously evaluate the tissues sampled by 
the embryologist using the 100x phase-contrast 
microscope. 

New imaging technology is being developed 
that may better identify tubules that harbor sperm 
during micro-TESE.'*'* The robotic platform 
would provide an ideal platform for the integration 
of these types of adjunctive tools. 


ROBOTIC-ASSISTED MICROSURGICAL 
TARGETED DENERVATION OF THE SPERMATIC 
CORD 


Microsurgical denervation of the spermatic cord 
(MDSC) is a viable surgical treatment option for 
chronic groin or scrotal content pain (CGSCP). 
Chronic groin or scrotal content pain can be 
defined as pain that is unilateral or bilateral, inter- 
mittent or constant, and lasts longer than 3 months 
in the groin area or scrotal area (inguinal canal, 
spermatic cord, testis, or scrotum).'°'® The au- 
thors’ group has established a potential anatomic 
basis for MDSC.'’ They found structural abnor- 
malities in 3 nerve fiber areas in the spermatic 
cord: (1) the cremasteric muscle, (2) the perivasal 
sheath, and (3) the posterior lipomatous and pos- 
terior arterial tissues. Microsurgical denervation 
of the spermatic cord is based on targeting these 
3 nerve areas, and the authors focus on ligating 
these specific tissues. 
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Fig. 6. View from surgeon console during robotic micro-TESE. (A) Main view from robotic camera. (B) Real-time 
image from andrology laboratory microscope. (C) VITOM camera view for enhanced magnification. 


Recommended Instruments and Materials 


da Vinci Si surgical robotic system 

Zero-degree robotic camera 

VITOM camera system 

Black Diamond Micro Forceps in the right arm 

Bipolar microforceps in the left arm 

Curved monopolar scissors in the fourth arm 

FlexGuide carbon dioxide (COs) laser fiber 

(OmniGuide Inc, Cambridge, MA) 

e ERBEJET2 hydrodissector (ERBE Inc, Tuebin- 
gen, Germany). 

e AxoGuard bio-inert matrix (Axogen Inc, Gain- 

esville, FL) 


Technique and Outcomes 


The spermatic cord is brought out via a small 1- to 
2-cm subinguinal incision, similar to with the varico- 
celectomy procedure. The branches of the ilioingui- 
nal and genitofemoral nerves at the external inguinal 
ring level are carefully cauterized medial, posterior, 
and lateral to the spermatic cord. The da Vinci ro- 
botic platform is docked from the right side of the 
patient. The Black Diamond Micro Forceps, bipolar 
microforceps, and curved monopolar scissors are 
used on the right, left, and fourth arms, respectively. 
In this targeted approach, the authors ligate the 
spermatic cord tissues more selectively than in 
the standard MDSC technique.'”'® In standard or 
traditional MDSC, all tissues in the spermatic cord 
are ligated except for 1 to 2 arteries, 1 vein, anda 
few lymphatics. This targeted technique only in- 
volves the selective ligation of 3 specific areas in 
the spermatic cord based on the authors’ anatomy 


study”: (1) the cremasteric muscle, (2) the perivasal 
sheath, and (3) the posterior lipomatous tissues. 
The entire internal spermatic sheath, the vas defer- 
ens, and most of the cord are preserved. 

The authors compared peripheral tissue thermal 
injury from monopolar energy versus CO; laser en- 
ergy in a cadaver study’? and found significantly 
less peripheral thermal injury when the CO; laser 
was used. Thus, they use the flexible fiberoptic 
CO, laser fiber for ligation of all tissues to create 
the least amount of peripheral thermal injury (Fig. 7). 

Arecent study illustrated that targeted MDSC can 
be safely performed without any adverse testicular 
effects in an animal model.2° The authors’ group 
has also shown that use of a high-pressure water 
jet on the vas deferens can significantly reduce 
the number of residual nerve fibers without vascular 
compromise.*' Thus, once ligation of the perivasal 
tissue is completed, the vas deferens are washed 
with a high-pressure waterjet (ERBEJET2 hydrodis- 
sector) to ablate any residual nerve fibers. 

Finally, the spermatic cord is wrapped with a 
noncellular bioinert matrix material (Axoguard). 
This procedure is performed to reduce neuroma 
formation and decrease scar formation and irrita- 
tion of the transected nerve endings. 

Chronic groin or scrotal content pain can signif- 
icantly impact a patient’s quality of life. It can be 
caused by prior vasectomy, varicocele, trauma, 
any type of inguinal or scrotal surgery, hernia 
repair, or abdominal surgery, or it can be idio- 
pathic.2*-°° The authors use a validated pain 
assessment tool (PIQ-6; QualityMetric Inc, Lincoln, 
Rl) to assess preoperative and postoperative pain. 
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Fig. 7. View from surgeon console during robotic MDSC. Perivasal sheath is being ligated with CO- laser without 


compromising vas deferens. 


Their recent analysis showed that robotic-assisted 
MDSC significantly relieved pain in 84.8% of pa- 
tients with CGSCP (463/546).° Complete pain res- 
olution was achieved in 70.5% of the patients, and 
more than 50% reduction in the pain score was 
obtained in 14.3% of patients. 

The use of robotic assistance for MDSC allows 
surgeons to use several instruments simulta- 
neously, eliminates physiologic tremor, and pro- 
vides a stable ergonomic microsurgical platform 
and enhanced multiview magnification. 


SUMMARY 


The use of robotic assistance for microsurgery is 
still evolving. The early experiences seem to confer 
some benefits, and more data are developing from 
many institutions. As with any technology, the 
long-term feasibility and cost-effectiveness will 
be determined as further evaluation and random- 
ized controlled studies are presented. The future 
looks promising. 
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KEY POINTS 


Image-guided surgery and molecular imaging remain areas of intense basic science and Clinical 
research. 

Image-guided surgery technologies have become standards of surgical care in other specialties, 
including neurosurgery and orthopedics, but remains in its infancy in urologic and other soft 
tissue—based surgical specialties. 

Current research endeavors into the combined application of image-guided surgery and robotic 
urologic surgery presents the unique challenges of soft tissue registration, tissue deformation, 
operative navigation, and incorporation into the surgical work flow. 

Although progress has been made, continued collaboration between engineers and surgeons is 
required to achieve the ultimate goals of improved ease and accuracy of performing surgery leading 
to improved patient outcomes. 

The incorporation of molecular imaging into minimally invasive surgery remains in the early stages 
of development, however, is likely to continue to increase in importance with development of 


® CrossMark 


molecular markers specific to urologic malignancies. 


INTRODUCTION 


With recent advances in imaging and surgical 
instrumentation, there has been transition away 
from traditional open surgery toward new mini- 
mally invasive approaches. Open surgery has its 
distinct advantages in providing the surgeon with 
unrestricted visual, force, and tactile feedback, 
often at the expense of large incisions and surgical 
trauma. The emergence of robotic surgery with 
mechatronically enhanced or robotic-assisted 


instruments has significantly improved the capa- 
bilities of the minimally invasive surgeon, allowing 
surgical procedures to be carried out with unprec- 
edented accuracy and efficiency. However, one of 
the drawbacks of minimally invasive surgery is the 
lack of haptic sensing and feedback to assist with 
tissue discrimination. Accordingly, extensive work 
is being done in the area of image guidance to 
thereby integrate enhanced visual information to 
improve ease, accuracy, and surgeon comfort 
with performing complex robotic surgeries. 
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Traditional approaches to surgery, both open 
and robotic, are planned preoperatively using 
high-fidelity axial medical imaging, such as 
computed tomography (CT) and magnetic reso- 
nance imaging (MRI). These images are typically 
reviewed off-line and often only as a 2-dimensional 
(2D) display of the 3-dimensional (3D) anatomy. 
The surgeon then uses innate knowledge of hu- 
man anatomy combined with the ability of the hu- 
man brain to align objects in 3D space in what is 
referred to as mental coregistration of the imaging 
onto the body and organs. This, in essence, serves 
as a road map of anatomic relationships to facili- 
tate the proposed surgery. Conversely, image- 
guided surgery (IGS) provides in situ, real time 
covisualization of either preoperative or intraoper- 
ative data along with the actual anatomy, and the 
imaging is displayed in a spatially accurate manner 
coordinated (registered) to the actual anatomy. 
Thus, the overall goals of IGS are to provide a fully 
planned procedure before its execution, integrate 
either real-time intraoperative imaging or preoper- 
ative imaging for enhanced accuracy, and to track 
anatomic changes and tissue deformation during 
surgery.' In the most simplistic form, image guid- 
ance is used to improve the surgeon’s awareness 
of both the anatomy of the target organ and its 
relationship with surrounding structures. This re- 
view explores recent advances in IGS and 
emerging molecular imaging technologies aimed 
to improve accuracy, precision, safety, and sur- 
geon confidence during urologic robotic surgery. 


GENERAL PRINCIPLES OF IGS 


IGS can be divided into 2 broad categories, which 
either utilize preoperatively obtained images or in- 
traoperative, real-time imaging. In the first method, 
preoperatively obtained images for a specific pa- 
tient are actively integrated into the workflow and 
visual display for the operation. Therefore, the 
images are used to map surgical position and 
orientation rather than functioning simply as a 
reference atlas. The second method involves 
active intraoperative imaging with real-time pro- 
duction of imaging (ie, fluoroscopy, ultrasound, 
CT, MRI) and requires operating room-based 
imaging modalities, special instrumentation, and 
ancillary personnel. With intraoperative CT or 
MRI, the obvious drawbacks of increased cost 
and personnel and the limited availability of these 
imaging modalities within the operating room 
setting, will likely restrict development and wide- 
spread adoption of techniques within this realm 
of IGS. Thus, most research has focused on using 
preoperative imaging to create an augmented 
reality with these images superimposed onto the 


surgical field of view. Imaging is registered with 
the patient’s intraoperative anatomy to actively 
display organ, instrumentation, and vital structure 
location. This type of surgical navigation presents 
a unique set of challenges to overcome, which pri- 
marily involves concepts such as image registra- 
tion, tracking, and deformation adjustment. 


Registration 


Central to any IGS system is the process of regis- 
tration, that is, determining the mathematical rela- 
tionship between objects in the preoperative 
images and their physical locations in the oper- 
ating room. Basic registration is premised on align- 
ing imaging and anatomy in a 3D coordinate space 
system.” A 3D-rendered surface allows for easier 
understanding of the spatial relationship between 
a surgical target and other structures the surgeon 
may wish to avoid. Registration may be done 
based on anatomic landmarks (points) or markers 
(fiducials) inserted before image acquisition that 
can be seen precisely on the imaging study and 
also identified within the patient in the operating 
room. Using high-speed computer algorithms, 
rigid 3D point-to-point alignment is performed. 
Thus, subsurface anatomy and location of impor- 
tant surrounding structures can be displayed to 
the surgeon on a video screen or as a virtual over- 
lay on to the patient (ie, augmented virtual reality). 
The most common example of rigid fiducial-based 
registration is found with image-guided brain and 
spine interventions, in which the bony structure’s 
relationships to the vital other structures is avail- 
able to the surgeon before bringing the patient to 
the operating room. However, abdominal organs 
pose a particular challenge, as they are not acces- 
sible preoperatively for placement of fiducials and 
also lack easily identifiable landmarks that can 
function as points. Therefore, most work with 
registration for soft tissue applications has been 
based on surface registration, whereby a captured 
topographic surface (physical space) is then 
matched to a surface that has been extracted 
from preoperative images (image space). With 
this technique, large numbers of surface point co- 
ordinates are captured by sweeping a tracked tool 
over the surface of the target organ or assembling 
a surface using a reflected laser beam geometry 
captured from a laser range scanner. 


Localization and Tracking Techniques 


Localization is the process by which the surgeon is 
able to identify and display surgical tool tip loca- 
tions within the viewing field and in relationship 
to the registered imaging and vital structures, 
which are commonly not yet encountered. This 


requires accurate tracking of the 3D tool, which is 
most commonly performed with either of 2 
methods, optical or electromagnetic tracking. 
Optical tracking uses a specialized camera sys- 
tem, which can repetitively determine the tool tip 
position using the recording of geometric align- 
ment of special trackers (geometrically arranged 
optical sources or optical reflectors) placed on 
the proximal end of the tool. These systems have 
submillimeter accuracy but require line of sight 
between the camera and trackers, which can be 
difficult to obtain because of constraints of the 
operating room environment. Electromagnetic 
tracking uses a magnetic field sensor device and 
a wire-based electromagnetic tracker on the pa- 
tient and instruments, allowing tracking actively 
by the system. Advantages of this method are no 
requirement for direct line of sight and good accu- 
racy; however, variations in the electromagnetic 
field strength and presence of large metallic ob- 
jects, such as the robot or the operating table, 
can result in error. 


Registration Error and Tissue Deformation 


A target is a point with known locations in both real 
and virtual space that is not used in the creation of 
the transformation matrix. The difference between 
the transformed location and its actual location in 
real space is the target registration error (TRE).° 
This serves as the true assessment of registration 
quality. However, to be able to obtain this metric, 
the points must be definitively identified in both 
spaces, which can be challenging given issues 
with exposure of the target, tissue deformation, 
and validation. The most significant barrier to 
real-time image overlay is that of tissue deforma- 
tion, which can occur from a variety of sources, 
including respiratory and patient motion, changes 
to perfusion, and surgical manipulation. When 
considering that for many procedures, millimeter 
or even submillimeter precision is required for 
safe and effective performance, the ability to 
account for tissue change (deformation) is essen- 
tial, especially for image-guided tumor resection. 
Naturally, the process of surgical manipulation, 
dissection, and resection results in significant 
changes to the target tissue, which must be taken 
into account to ensure accuracy and reduce error. 


Intraoperative Imaging 


Real-time intraoperative imaging presents a strat- 
egy for avoiding issues related to tissue deforma- 
tion, as the information being obtained is live and 
dynamic. Examples of intraoperative imaging 
techniques are MRI, fluoroscopy, CT, cone-beam 
CT, and ultrasound scan (US); however, to date, 
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no single modality has proven to be the answer 
to IGS. Intraoperative MRI is costly, slow, and a 
major intrusion into the surgical process. Fluoros- 
copy and CT involve significant radiation and 
accompanied risk to the patient and operating 
room staff. Cone-beam CT based on flat panel dig- 
ital detector technology is a modified technique to 
allow for use in the operating room. X-rays are 
delivered in a cone rather than the conventional 
fan shape used in helical scanners. This allows 
for acquisition of a large area in a single pass of 
the C-arm using a digital flat panel detector. This 
modality is not without significant limitations, as 
it is expensive and not widely available at most 
hospitals and also produces images of a lower 
quality than customarily obtained with conven- 
tional CT scan. US is mostly a 2D imaging modality 
that lacks clear tissue discrimination and results in 
overall poor image quality compared with axial 3D 
imaging, thereby limiting its utility in IGS. However, 
in the future, by combining real-time intraoperative 
imaging with high-resolution axial 3D preoperative 
images, the strengths of both can be preserved 
and the weaknesses mitigated. 


IMAGE-GUIDED PARTIAL NEPHRECTOMY 


To date, most work and progress toward true image 
guidance in the urologic field has occurred during 
robotic-assisted laparoscopic partial nephrectomy. 
Given the nature of the surgery, partial nephrec- 
tomy seems ideally suited for potential improve- 
ments with image guidance. First, image guidance 
may facilitate more facile and accurate identifica- 
tion of important landmark structures, such as the 
renal hilum and subsequent major blood vessels 
and their respective relationship to the target. 
Furthermore, image guidance may improve the 
precision of tumor resection to ensure complete tu- 
mor resection, while achieving maximal nephron 
sparing. Finally, IGS for partial nephrectomy may 
increase surgeon comfort with this complex opera- 
tion, thereby potentially increasing the application 
of nephron-sparing surgeries. 

Initial work on image-guided partial nephrec- 
tomy focused on the simplest form of registration, 
whereby 3D reconstructions were manually over- 
laid to the best fit of the operative view by the sur- 
geon using knowledge of human anatomy.*° 
Manual registration overlay, although an improve- 
ment over surgeon mental coregistration, falls 
short of true IGS and does not allow error calcula- 
tion. Therefore, fiducial-based registration has 
been explored by several groups. Teber and col- 
leagues* used 3D cone-beam imaging with fiducial 
markers to create 3D reconstructions of the organ 
that were subsequently registered to the real time 
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image. This technique produced a high level of ac- 
curacy with TRE of 0.5 mm in ex vivo studies 
(Fig. 1). Although the fiducial insertion technique 
used is valid in the laboratory, insertion of barbed 
fiducials and the need for intraoperative scanning 
have limited clinical application of this technique. 

Considerable work has been done using 
surface-based registration for robotic partial ne- 
phrectomy. In surface-based methods, digitization 
and capture of a patch or cloud of the surface 
anatomy is accomplished through a stylus or a 
range scanner. This extracted surface is then fit 
to a surface segmented from preoperative images. 
Registered preoperative images are displayed us- 
ing the IGS software application, as multiplanar 
reformatted slices or as a rendered volume. These 
visualizations allow surgeons to see their current 
surgical position in addition to presenting a pre- 
dicted map based on preoperative imaging of vital 
anatomy beneath the organ surface or beyond the 
optically visualized field. 

Most research from our laboratory initially used 
surface-based registration via tracked da Vinci ro- 
botic instrument as a topography-defining stylus 
to create an intraoperative model of the surface 
anatomy of the kidney (Fig. 2).°’ To perform this, 
accurate knowledge of the location of the instru- 
ment tip in 3D space is required and can either 
be obtained via intrinsic or extrinsic tracking. The 
intrinsic method uses the kinematic chain and 
tracking capabilities inherent to the da Vinci surgi- 
cal system (Fig. 3A). This approach is limited by 


Fig. 1. With the guidance of augmented reality, the 
renal tumor was identified through the surrounding 
fat. (From Teber D, Guven S, Simpfendorfer T, et al. 
Augmented reality: a new tool to improve surgical 
accuracy during laparoscopic partial nephrectomy? 
Preliminary in vitro and in vivo results. Eur Urol 
2009;56(2):335; with permission.) 


Fig. 2. Surface capture of the kidney registered to 
segmented CT of the kidney and mass. White lines 
represent surface tracking done with tracked da Vinci 
tool. Blue and red lines represent hilar structures. 
Gray surface model represents segmented kidney sur- 
face from preoperative CT scan, including large lower 
pole tumor (right side of figure). (From Herrell SD, 
Galloway RL, Su LM. Image-guided robotic surgery: 
update on research and potential applications in uro- 
logic surgery. Curr Opin Urol 2012;22(1):50; with 
permission.) 


inaccuracy of measurements of the da Vinci pas- 
sive and active robotic joint positions, which 
have been found to exceed 10 mm.® Extrinsic 
tracking uses commercially available magnetic or 
optical tracking systems to ascertain the positions 
of the surgical instrument (see Fig. 3B). We devel- 
oped’ a hybrid approach combining both intrinsic 
and extrinsic tracking (optical tracking, Polaris 
Spectra), which significantly decreased the 
tracking error to less than 2 mm (see Fig. 3C). 
Although surface registration through a tracked 
tool is feasible, error and lack of rapid ability to 
recapture and reregister remained limitations. 
Laser range finders present an alternative 
approach, which has been used with success in 
open surgery (Fig. 4). However, to date, no suit- 
able laparoscopic laser range finder has yet to un- 
dergo trial for renal surgery.° 

The stereoscopic camera used in the da Vinci 
Robotic Surgical System offers a platform for 
3D-to-3D registration of preoperative cross- 
sectional imaging with a live intraoperative view. 
Potential advantages of this approach include no 
requirements for preplacement of fiducials, 
markers, or external tracking devices, while still of- 
fering the ability to account for organ movement 
with rapid image update. Su and colleagues? pub- 
lished the initial report of the theory and postpro- 
cedure display on using robotic vision—based 
image-guided renal surgery by creating an 
augmented reality overlay for partial nephrectomy. 
They used reconstructed, segmented preopera- 
tive 3D CT data and posthoc manual registration 
to previously recorded video feeds from the binoc- 
ular robotic endoscope. Next, a 3D reconstructed 
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Fig. 3. (A) Intrinsic tracking using the joint positions of the da Vinci robotic arms. (B) Optical tracking of robotic 
instrument requires a continuous direct line of sight. (C) Hybrid tracking system uses optical tracking to ascertain 
the position of the passive joints, thereby reducing error at the instrument tip. (D) Electromagnetic tracking. 
(From Hughes-Hallett A, Mayer EK, Marcus HJ, et al. Augmented reality partial nephrectomy: examining the cur- 
rent status and future perspectives. Urology 2014;83(2):269; with permission.) 


mesh model was manually aligned to the video im- 
age of the kidney with edges in the mesh model 
and anchored in the algorithm to identifiable kid- 
ney surface points on the video allowing for repet- 
itive tracking of the overlay with the kidney during 
camera and kidney motion (Fig. 5). Although this 
initial work was encouraging, the inability to 
assess a true accuracy of the registration and 


lack of further development does not allow for a 
formal assessment of the accuracy or potential. 


IMAGE-GUIDED MINIMALLY INVASIVE 
RADICAL PROSTATECTOMY 


Robotic assisted laparoscopic prostatectomy 
(RALP) has emerged as the most commonly 


Fig. 4. (A) Laser range scanner capturing kidney surface during open partial nephrectomy. (B) Posthoc-registered 
laser range scanner surfaces (red) shown over corresponding preoperative segmented CT surfaces (white). (From 
Herrell SD, Galloway RL, Su LM. Image-guided robotic surgery: update on research and potential applications in 
urologic surgery. Curr Opin Urol 2012;22(1):50; with permission.) 
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Step 4 


Fig. 5. Stereoscopic video overlay registration algorithm. Flow chart displays intermediary steps needed to 
achieve successful 3D manual registration of preoperative CT image to live stereoscopic video. (From Su LM, 
Vagvolgyi BP, Agarwal R, et al. Augmented reality during robot-assisted laparoscopic partial nephrectomy: to- 
ward real-time 3D-CT to stereoscopic video registration. Urology 2009;73(4):898; with permission.) 


performed surgical treatment for prostate can- 
cer.'° The robotic platform offers capability for 
integration of image guidance into the surgical 
procedure and, therefore, has the potential to 
improve functional and oncologic outcomes. Spe- 
cifically, image guidance during RALP has the po- 
tential to improve the surgery by providing 
additional information based on intraoperative 
US or even multiparametric preoperative MRI. 
Such information may go beyond standard visual 
cues to locating critical structures including the 
neurovascular bundles, urethra, capsule, and ex- 
tracapsular tumor(s). In turn, this may offer the po- 
tential to facilitate bladder neck and apical 
dissection, reduce positive surgical margin rates, 
and increase neurovascular bundle preservation. 

The initial description of real-time intraoperative 
transrectal US (TRUS) guidance as an adjunct to 
laparoscopic prostatectomy was made by Uki- 
mura and Gill.'' The authors reported improved 
accuracy in performing various steps in the proce- 
dure, most notably dissection of the neurovascular 


bundles, with vascular flow being used as a surro- 
gate for bundle preservation. This technique was 
able to yield lower rates of positive surgical mar- 
gins. '* Similarly, van der Poel and colleagues"? re- 
ported that a robotic novice surgeon achieved a 
reduction in the number of positive surgical mar- 
gins during the initial learning curve of RALP 
compared with a similarly inexperienced surgeon 
not using TRUS guidance. 

Routine incorporation of intraoperative TRUS 
during RALP was limited by the requirement of a 
human assistant for manipulation of the US probe. 
To circumvent this problem, Han and colleagues '* 
developed a novel, robotic transrectal US probe 
manipulator (TRUS Robot) compatible for use 
with the daVinci Surgical Robot, in a tandem 
robot-assisted laparoscopic radical prostatec- 
tomy (Fig. 6). The robotic arm supports and ma- 
nipulates the transrectal US probe under the 
joystick control of surgeon, while positional 
tracking and reconstruction software allows for 
3D reconstructions to be viewed on the display 
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Fig. 6. Tandem robot-assisted robotic prostatectomy schematic and TRUS robot. The TRUS probe is robotically 
controlled by a manipulator robot with multidirectional control. (From Han M, Kim C, Mozer P, et al. Tandem- 
robot assisted laparoscopic radical prostatectomy to improve the neurovascular bundle visualization: a feasibility 


study. Urology 2011;77(2):503; with permission.) 


within the da Vinci surgeon console. An additional 
robotic TRUS-manipulated system, the VIKY robot 
has been used with noted improvements in posi- 
tive surgical margin rates and good surgeon 


feedback while performing RALP.'°'© The most 
obvious limitation, the inability of US to provide 
precise anatomic detail, especially as it relates to 
identifying the neurovascular bundles, remains 
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problematic, thus, has curbed widespread adop- 
tion of this technology. 

Accurate and reliable imaging of the location 
and relevance in preservation of urinary and sexual 
function of critical structures in and around the 
prostate remains a developing field. The ability to 
use such preoperative functional anatomic infor- 
mation intraoperatively would be the ultimate 
goal but would require registration and organ 
tracking. To that end, Simpfendorfer and col- 
leagues!’ proposed a system in which fiducial 
markers are inserted into the prostate during lapa- 
roscopic prostatectomy, which can be visualized 
on both TRUS imaging and a live endoscopic 
video. The system traces the navigation aids in 
real time and computes a registration between 
TRUS image and laparoscopic video based on 
the 2D-3D point correspondences. 

Many researchers remain skeptical about the 
requirement of fiducial(s) placement within the 
target organ and have sought alternative solu- 
tions, using modeling of the bony pelvis as the ba- 
sis for registration and tracking.'°'° Gao and 
colleagues'® found that bony pelvis can be 
accurately and robustly segmented using a com- 
bination of statistical deformation and modeling 
using multiatlas techniques to provide accurate 
registration (TRE, 1.33 mm) and tracking (average 
position error, 0.13 mm). However, currently, seg- 
mentation schemes are extremely time 
consuming to run and currently cannot realisti- 
cally be applied to the current operative environ- 
ment. Although steps in right direction, the 
currently proposed methods remain limited by 
the ability to deform preoperative images to mimic 
intraoperative tissue deformation, thus, the 
search for a clinical applicable IGS system for 
minimally invasive prostatectomy continues. 


MOLECULAR IMAGING FOR UROLOGIC 
SURGERY 


Molecular imaging (MI) represents the visualiza- 
tion, characterization, and measurement of bio- 
logic processes at the molecular and cellular 
level in humans and other living systems. MI 
uses probes known as biomarkers, which target 
specific molecular pathways that are fundamen- 
tally involved in disease processes. Therefore, mo- 
lecular imaging evaluates changes in cellular 
physiology and function, rather than anatomy, 
potentially leading to earlier and more sensitive 
manifestations of the disease. Recent advances 
in MI technology have permitted translation from 
bench research to valuable clinically applicable 
imaging studies. The most well-established mo- 
lecular imaging modality, positron emission 


tomography uses positron-emitting radioisotopes 
as molecular probes.?? Various positron emission 
tomography imaging modalities have recently 
been shown to be useful in certain circumstances 
for urologic malignancies including testicular can- 
cer,’ !?? prostate cancer,?>?4 and bladder can- 
cer.2° Importantly, continued work has led to an 
expansion of MI technologies to include various 
forms of fluorescent and optical imaging tech- 
niques to aid in disease identification and treat- 
ment. However, translating these technologies 
into real-time information available to the oper- 
ating surgeon remains a challenging obstacle. 
Ideally, in the future interventional molecular 
image-guided technologies will be routinely incor- 
porated into the operative flow to allow for better 
detection and treatment of tumors and facilitate 
improved surgical outcomes. 


MOLECULAR IMAGING DURING 
PROSTATECTOMY 


MI has been sought to improve both functional and 
oncologic outcomes of surgically managed pros- 
tate cancer. Specifically, attempts have been 
made to use fluorescent imaging to accurately 
identify the neurovascular bundles to facilitate 
nerve sparing prostatectomy. Davila and col- 
leagues*° evaluated whether fluorescent tracers 
could be used to label the neurovascular bundles 
and major pelvic ganglion to assist with nerve- 
sparing radical prostatectomy. In this study, male 
Sprague-Dawley rats received injections of deion- 
ized water, Flouro-Gold, Fast Blue, Flouro-Ruby, 
or green fluorescent pseudorabies virus (Fig. 7). 
They found that injection of Flouro-Gold into the 
rat penis 2 to 3 days before surgery might help 
with identification of the neurovascular bundles 
during surgery. Although considered a break- 
through, this technology has not been trialed on 
humans and remains investigational. 

Other efforts to use MI during prostatectomy 
have focused on improving oncologic resection 
margins. It has been proposed that by labeling 
the cancerous portions of the prostate to be iden- 
tified intraoperatively, improvements in rates of 
positive surgical margins can be obtained. Previ- 
ous studies have found selective enhancement of 
5-aminolevulinic acid (6-ALA) in human prostate 
cancer after oral administration.” Therefore, 
Adam and colleagues?? sought to investigate the 
feasibility of intraoperative identification of positive 
surgical margins during open or laparoscopic 
radical prostatectomy. In this prospective study, 
39 patients were given oral 5-ALA and subse- 
quently underwent radical prostatectomy (either 
open or laparoscopically) with a photodynamic 
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Fig. 7. Identification of the neurovascular bundles (/eft) and major pelvic ganglion (right) at (A) 2 days, (B) 3 days, 
and (C) 12 days after injection with Flouro-Gold (FG), Fast Blue (FB), and Flouro-Ruby (FR). Only FG was considered 
to have significant (P<.05) positive staining compared with the other groups. (From Davila HH, Mamcarz M, 
Nadelhaft I, et al. Visualization of the neurovascular bundles and major pelvic ganglion with fluorescent tracers 
after penile injection in the rat. BJU Int 2008;101(8):1050; with permission.) 


diagnosis (PDD)-suitable camera used to perform 
fluorescence imaging ( ). They found that 
there were more false-negative cases in the open 
group and more false-positive cases in the laparo- 
scopic group. Nonetheless, they concluded that 
PDD with 5-ALA during radical prostatectomy 
was feasible and might be an effective method 
for reducing positive surgical margins. 

Another potential application of MI is identification 
of the lymph nodes draining directly from the primary 
tumor (ie, sentinel lymph nodes) to facilitate lymph 
node dissection. Practically, this can be 
performed by intraprostatic or intratumoral injection 
of a pharmaceutical agent, which then migrates 


Fig. 8. Resected prostate viewed using PDD. (From 
Adam, Salomon G, Walther S, et al. Photodynamic diag- 
nosis using 5-aminolevulinic acid for the detection of 
positive surgical margins during radical prostatectomy 
in patients with carcinoma of the prostate: a multicentre, 
prospective, phase 2 trial of a diagnostic procedure. Eur 
Urol 2009;55(6):1286; with permission.) 


into lymphatic channels and ultimately coalesces 
into the sentinel lymph node region. The signals 
generated can then be detected intraoperatively by 
a y probe, fluorescence camera, or a combination 
of both. Initial work in this area by van der Poel 
and colleagues,” utilized an indocyanine green 
(ICG)-technetium Tc99 conjugate, which was in- 
jected into the prostate of men at increased risk of 
nodal metastasis, via TRUS 3 hours before prosta- 
tectomy. The sentinel lymph nodes were localized 
with lymphoscintigraphy and single-photon emis- 
sion computerized tomography (SPECT)/CT and 
then surgically dissected, guided by a laparoscopic 
probe and a fluorescence laparoscope. This initial 
report was viewed as highly successful; however, 
others have sought to simplify and improve the 
technique. 

More recently, Manny and colleagues,” reported 
on their initial series of fluorescence-enhanced ro- 
botic radical prostatectomy using real-time injection 
of ICG for tissue marking and identification of 
sentinel lymphatic drainage. In this study, ICG was 
injected into each lobe of the prostate using a robot- 
ically guided percutaneous needle. After ICG was 
allowed to travel through the pelvic lymphatic chan- 
nels, lymphadenectomy was performed under the 
near-infrared visualization system of the da Vinci Si 
surgical robot ( ). They found that using this 
technique, sentinel lymph nodes were identified in 
76% of patients at a mean time of 30 minutes after 
injection and had 100% sensitivity, 75.4% speci- 
ficity, 14.6% positive predictive value, and 100% 
negative predictive value for detection of nodal 
metastasis. Thus, they concluded that ICG sentinel 
nodes are highly sensitive, but nonspecific for the 
detection of nodal metastasis, likely as a result of 
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Fig. 9. Sentinel prostatic lymph node drainage identified during fluorescence-enhanced, robotic radical prosta- 
tectomy. Here the left external iliac lymph node packet is seen under white light (/eft) and near infrared fluores- 
cence (right) containing fluorescent nodes. (From Manny TB, Patel M, Hemal AK. Fluorescence-enhanced robotic 
radical prostatectomy using real-time lymphangiography and tissue marking with percutaneous injection of un- 
conjugated indocyanine green: the initial clinical experience in 50 patients. Eur Urol 2014;65(6):1165; with 


permission.) 


ICG not being biochemically prostate specific. 
Future work will likely center on intratumoral injec- 
tion of tracer to more accurate identify tumor 
drainage, rather than prostate drainage, and devel- 
opment of hybrid prostate cancer-specific fluores- 
cent markers. 

Additionally, Brouwer and colleagues? re- 
ported on an intraoperative surgical navigation 
system based on preoperative 3D scintigraphic 
images that improved the efficacy of a hybrid 
endoscopic radioactive and fluorescence tracer- 
guided surgery for prostate cancer. This study 
successfully showed the feasibility of combined 
rigid navigation based on preoperative SPECT/ 
CT images and intraoperative fluorescence imag- 
ing for soft tissue navigation. Use of this tech- 
nique using hybrid (radioactive and fluorescent) 
tracers allows for preoperative surgical planning 
and intraoperative navigation toward the lesions 
using the radioactive signal, whereas accurate 
target localization and visualization can take place 
using the fluorescent signature (Fig. 10). Naviga- 
tion systems such as this remain complicated 
and have not shown any breakthrough clinical 
application and thus remain limited to the experi- 
mental realm. 


FLUORESCENCE DURING RENAL SURGERY 


The application of fluorescence to improve surgi- 
cal outcomes and decrease positive surgical 


margins has also been investigated for renal sur- 
gery.°°-°° The initial reports using this technology 
examined the use of PDD after administration of 
oral 5-ALA to assess tumor type and surgical 
margins during partial nephrectomy.°° They 
found that this adjunct therapy was able to 
predict the type of lesion (malignant vs nonmalig- 
nant) with accuracy of 94% and was able to 
detect both cases of a positive surgical margin 
intraoperatively, both of which were confirmed 
histologically. However, it remains unclear 
whether these margins would have similarly 
been identified visually alone. Nonetheless, this 
interesting study has failed to produce wide- 
spread acceptance and use of this technology 
as an adjunct during minimally invasive partial 
nephrectomy. 

Other studies have examined the use of near 
infrared fluorescence (NIRF) with ICG in patients 
undergoing both open and robotic partial ne- 
phrectomy.°*°°%” Intraoperative imaging with 
ICG and NIRF were found to be safe and effec- 
tive methods to accurately identify the renal 
vasculature (Fig. 11) and to differentiate renal tu- 
mors from surrounding normal parenchyma 
(Fig. 12). This technology provides small advan- 
tages in reduction of warm ischemia times, 
without any clinically significant improvement in 
preserved renal function and has also allowed 
for safe selective hilar clamping.°*°°°° Although 
it was hoped that this technology would 
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Fig. 10. Laparoscopic navigation toward the prostate in a patient undergoing robot-assisted prostatectomy. In- 
traoperative setup of surgical robot system with navigation system, the fluorescence camera system, and the op- 
tical tracking system are shown. Based on the preoperative SPECT/CT, navigation of the tracked fluorescence 
endoscope toward the target identified on SPECT/CT resulted in real-time gradual visualization of the fluorescent 
signal in the prostate, thus, providing an intraoperative confirmation of the navigation accuracy. (From Brouwer 
OR, Buckle T, Bunschoten A, et al. Image navigation as a means to expand the boundaries of fluorescence-guided 
surgery. Phys Med Biol 2012;57(10):3123-3. © Institute of Physics and Engineering in Medicine. Reproduced by 


permission of IOP Publishing. All rights reserved.) 


maximize oncologic and renal functional out- 
comes of partial nephrectomy, no definitive 
advantages in improvement of positive surgical 
margin rates or change in renal function have 
yet been found in clinical studies. Furthermore, 
although many have observed that in general, 
renal tumors exhibit hypofluorescence compared 
with normal parenchyma, ICG fluorescence is 


unable to reliably predict malignant versus 
benign lesions.°° Overall, ICG fluorescence with 
NIRF is an emerging technology that is increas- 
ingly being incorporated into robotic partial ne- 
phrectomy; however, more rigorous clinically 
studies are warranted to assess whether this 
will translate into any clinically significant im- 
provements in outcomes. 
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Fig. 11. Intraoperative identification of renal vasculature. NIRF assisted with identification of the renal hilum 
(B,D,F.G) when compared with white light (A,C,£,H). ICG administration with NIRF allowed for selective clamping 
of upper pole arterial branch (H) during partial nephrectomy, preserving flow to remainder of kidney and avoid- 


ing vascular injury. (From Tobis S, Knopf J, Silvers C, et al. Near infrared fluorescence imaging with robotic assisted 
laparoscopic partial nephrectomy: initial clinical experience for renal cortical tumors. J Urol 2011;186(1):50; with 


permission.) 


Fig. 12. Renal lesion identification. Use of ICG with NIRF is accurately able to show between normal and malig- 
nant tissue. (A) and (C) show the kidney and tumor under white light. Administration of ICG helped obtain nega- 
tive margin during resection of endophytic portion of tumor, which was seen with NIRF before and after 
resection (B,D,E,F). Note the tumor is hypofluorescent (asterisk) compared with the fluorescent parenchyma (ar- 
row). (From Tobis S, Knopf J, Silvers C, et al. Near infrared fluorescence imaging with robotic assisted laparoscopic 
partial nephrectomy: initial clinical experience for renal cortical tumors. J Urol 2011;186(1):51; with permission.) 


SUMMARY 


IGS and MI remain areas of intense basic science 
and clinical research. IGS technologies have 
become standards of surgical care in other spe- 
cialties, including neurosurgery and orthopedics, 
but remain in their infancy in urologic and other 
soft tissue-based surgical specialties. Current 
research endeavors into the combined application 
of IGS and robotic urologic surgery present the 
unique challenges of soft tissue registration, tissue 
deformation, operative navigation, and incorpora- 
tion into the surgical work flow. Although progress 
has been made, continued collaboration between 
engineers and surgeons is required to achieve 
the ultimate goals of improved ease and accuracy 
of performing surgery leading to improved patient 
outcomes. Lastly, the incorporation of molecular 
imaging into minimally invasive surgery remains 
in the early stages of development; however, is 
likely to continue to increase in importance with 
development of molecular markers specific to uro- 
logic malignancies. 
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KEY POINTS 


e Recently, increased attention has been given to reports of adverse events related to robotic sur- 
gery, which has put an emphasis on robotic training and credentialing. 

e Robotic training should include cognitive, psychomotor, and teamwork/communication skills. 

e Simulation should be an integral part of a robotic surgical curriculum and could use inanimate 
models, animal models, or virtual reality simulators. 

e Assessments for credentialing and certification should not be based only on number of surgeries 


performed but also on proven proficiency. 


INTRODUCTION 


As technology brings new tools to the operating 
room, there is increasing pressure to ensure patient 
safety and cost-effectiveness. The Halstedian 
motto of “see one, do one, teach one” is inadequate 
as new complex tools such as robot-assisted sur- 
gery are adopted. ' On the other hand, the even older 
motto of primum non nocere or “above all, do no 
harm” remains a guiding principle for the adoption 
of new tools.” 

Since its approval by the US Food and Drug 
Administration (FDA) in 2000, the use of robot- 
assisted laparoscopic surgery has surpassed that 
of pure laparoscopy for not only radical prostatec- 
tomy but also dismembered pyeloplasty and partial 
nephrectomy.°* Between 2007 and 2011, the 
annual number of total robotics cases according 
to Intuitive Surgical increased by nearly 400% in 
the United States (Fig. 1).°°° Despite numerous insti- 
tutional and surgical societal efforts to define a stan- 
dardized curriculum for training and certification of 


robotic surgeons, no unifying pathway exists. 
Thus, robotics residency training is heterogeneous 
and certification requirements vary by hospital, as 
was reported in a recent FDA survey.’ 


Adverse Events in Robotic Surgery 


In 2013, public awareness of complications related 
to robotic surgery increased through information 
released by the FDA and other media outlets. The 
FDA updated their Web site on computer-assisted 
surgical systems to note that an increasing number 
of medical device reports were being filed. The FDA 
stated that it was not clear whether this increase 
represented worse complication rates or was the 
result of the increasing number of overall proce- 
dures and improved reporting. More recently, a 
report by Alemzadeh and colleagues? on 5374 
adverse robotic events (86 deaths and 455 injuries) 
reported to the FDA between 2000 and 2012 noted 
conflicting trends. Although the overall likelihood of 
adverse events reported has been decreasing, the 
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Fig. 1. Estimated number of robot-assisted cases worldwide. (Data from Intuitive Surgical investor presentation, 
2014. Available at: http://investor.intuitivesurgical.com/phoenix.zhtml?c=122359&p=irol-irhome. Accessed April 


21, 2014.) 


trend of significant events (injury or death) increased 
from 12.8 events per 100,000 in 2004 to 35 events 
per 100,000 in 2012. The report noted that lower- 
risk urologic and gynecologic procedures had a 
lower rate of injury or death than higher risk cardio- 
thoracic surgeries. 

Also in 2013, a study compared reports of robotic 
complications in an FDA database with reports 
found in the Public Access to Court Electronic Re- 
cords and LexisNexis. Finding that 8 of 253 (8%) 
complications were improperly reported to the 
FDA, the study'° questioned whether the true inci- 
dence of robotic complications is known. This ques- 
tion prompted editorials and articles®’'' in prominent 
publications to question the safety of robotic surgery 
and the training methods used. That same year, the 
Massachusetts Board of Registration in Medicine’? 
made recommendations on training, patient selec- 
tion, and credentialing in response to an increasing 
number of reports of patient complications related 
to robotic surgery. 

This review focuses on the progress toward 
creating a unified curriculum for training and cre- 
dentialing in robotic surgery. The following topics 
are addressed: 


e Available cognitive resources 

e Efforts to validate and incorporate surgical 
simulation 

e Examples of currently used institutional 
curricula 

e The Fundamentals of Robotic Surgery (FRS): 
a 14-society consensus template of outcomes 
measures and curriculum development 

e Credentialing models 


COGNITIVE RESOURCES 


The American Urological Association (AUA)'® rec- 
ommends that residency program directors docu- 
ment satisfactory training and competence of 
residents to independently perform robotic sur- 
gery. Although simulators are not specifically ad- 
dressed, recommendations are made regarding 
online curriculum and case participation. The 
AUA has included a section on robotics in their 
core curriculum (The Basics of Urologic Laparos- 
copy and Robotics) and also have separate 
e-learning modules.'* The e-learning site has 
both a general module (Fundamentals of Urologic 
Robotic Surgery) and multiple procedure specific 
modules. The AUA recommends 80% or higher 
on the module posttests to show proficiency. 
These modules are also recommended for prac- 
ticing urologists who have no formal training in 
robotic surgery. 

The AUA also recommends completing online 
modules provided by Intuitive Surgical. The da 
Vinci Online Community offers technical modules 
and evaluations on topics such as operating 
room setup, docking, draping, safety features, 
and troubleshooting. Platform-specific modules 
for each generation of the robot are also provided. 


SURGICAL SIMULATION 


Simulation is a critical component of avoiding pa- 
tient harm and adopting complex surgical technol- 
ogies. Operating room time is viewed as both a 
limited and expensive commodity. Surveys of pro- 
gram directors in both the United Kingdom and the 


United States showed a unanimous conclusion 
that simulators play a role in improving the quality 
of resident training. '°:'° Furthermore, reports from 
other surgical fields such as plastic surgery, neuro- 
surgery, and gynecology support the integration of 
simulation into surgical training.'’~'° 

Surgical simulation refers to multiple methods of 
training, including inanimate (box trainer), animal 
laboratories, and virtual reality (computer-assis- 
ted). Simulators can be categorized as either 
physical (inanimate or animal laboratory) or virtual 
reality (Computer-assisted). In addition, the simu- 
lators can be further subdivided as either low or 
high fidelity. Low fidelity describes simple tasks 
and skills and is represented by virtual reality exer- 
cises involving rings and cones and inanimate ex- 
ercises such as placing letters on a checkerboard. 
High-fidelity or full-scale simulation attempts to 
simulate procedural steps (Table 1). 

An example of a high-fidelity simulator is using a 
tumor mimic model in a porcine laboratory to simu- 
late partial nephrectomy. A report in 2008 showed 
the ability to create pseudotumors in a porcine 
model using bulking materials such as gelatin and 
psyllium.2° The tumor mimic model was used as a 
simulator for tumor biopsy, partial nephrectomy, 
nephrectomy, and renal vein thrombectomy. 


Table 1 
Comparing low-fidelity and high-fidelity surgical simulators 


Low vs High Fidelity 


Type of Simulation 
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Another example of a high-fidelity simulator is a 
recently reported inanimate simulator of a pyelo- 
plasty model. Studies using the model at the 2011 
and 2012 AUA mentored renal laparoscopy 
courses showed construct, face, and content val- 
idity.7' Cadaver simulation has been used for pro- 
cedural training and specifically for experts 
during the design of novel procedures.**?° The 
FRS curriculum supports low fidelity for training, 
but recommends only high-fidelity simulator ex- 
ercises for examination of psychomotor skills for 
credentialing.°* 


Validity 


A challenge of surgical simulation is verifying the 
conversion of simulator skills to the operating 
room. There are few studies showing a direct as- 
sociation between simulator and operating room 
robotic skills regardless of simulator type. Initial 
simulator studies*° attempted to confirm validity 
by comparing expert surgeons and novices 
(construct validity). Surveying of simulator partici- 
pants has also been completed to determine 
how well the simulator mimicked the real proce- 
dure or task (face validity) or how useful (content 
validity) the task was.7° Two other forms of validity 


Examples/Materials 


Low fidelity 


Console controls, spatial 
skills, basic surgical skills 


Virtual reality/inanimate 


String running 
Checkerboard 
Pattern cutting 


Suturing 
26.49 


Pegboar' 


High fidelity 

Urethrovesical anastomosis Chicken (dead) 
Chicken (dead) 
Inanimate 
Porcine 


Virtual reality 


Esophagostomach junction? 

Chicken skin”? 

Latex model’ 

Urethrovesical anastomosis>* 

Augmented reality (Robotic Surgery 
Simulator)” 


Prostatectomy Canine Prostatectomy and reconstruction”? 
Ureteral reimplant Inanimate Water-based hydrogel?” 


Pyeloplasty Inanimate 


Organosilicate: Black Light 


Assessment of Surgical Technique” 


Porcine 
Porcine 


Partial nephrectomy, tumor 
mimic 


Agarose”? 
Psyllium and gelatin?? 


Virtual reality Augmented reality (Mimic)®? 


Nephrectomy Virtual reality° 


Porcine 


a Available only as a pure laparoscopic simulator. 


Procedicus MIST (Mentice)°° 
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testing are assessing whether simulator perfor- 
mance predicts future performance (predictive 
validity) and comparing the simulator with the 
gold standard for teaching surgical skills (Concur- 
rent validity).°” 

Only 2 studies have attempted to associate simu- 
lator time or performance to intraoperative per- 
formance on the robot. Syan and colleagues?®:° 
reported on a small group (n = 9) of residents and 
fellows who performed 6 exercises on the da Vinci 
simulator and were then graded on taking down 
the bladder during a robotic prostatectomy using 
the Global Evaluative Assessment of Robotic Skills. 
Overall scores did not correlate, although the score 
for controller clutching efficiency was associated 
with the time required to drop bladder. The investi- 
gators concluded that low-fidelity simulation is 
important for basic robotic skills, but that high- 
fidelity simulation is needed to improve advanced 
steps of robotic surgery. 

Culligan and colleagues®° reported that a simu- 
lation protocol improved operative times during 
robotic hysterectomy. Twenty hours of virtual re- 
ality simulation (time to reach expert level simu- 
lator scores) was followed by a porcine animal 
laboratory for credentialed gynecologic surgeons 
naive to robotics. The trainees then performed 
their first robotic hysterectomy, and their opera- 
tive time was comparable with expert surgeons 
and better than controls with no simulator 
training. 


Commercially Available Virtual Reality 
Simulators 


At least 3 robotic virtual reality simulators that 
incorporate a three-dimensional display have 
been reported in the literature (Fig. 2). Mimic pro- 
duced the first prototype for testing in 2007.7° Vali- 
dation studies have been performed for each 
simulator, but few comparative studies have 
been performed. Details of virtual reality simulators 
can be found in Table 2. Lerner and colleagues?! 
evaluated concurrent validity by comparing virtual 
reality simulation on the dV Trainer (Mimic 
Technologies) to inanimate simulation on the da 
Vinci robot. These investigators found that the dV 
Trainer provided similar improvements to the inan- 
imate training and concluded that virtual reality 
simulation is helpful for junior trainees. Similarly, 
Korets and colleagues** evaluated the dV Trainer 
by randomizing trainees to virtual reality training 
on the dV Trainer, inanimate training on the da 
Vinci robot, or no training. These investigators 
found significant improvements for both the virtual 
reality and inanimate exercises, but none for the no 
training group. 

Validation studies for the Robotic Surgery 
Simulator (RoSS) and the da Vinci Skills Simulator 
have shown beneficial results. Stegemann and 
colleagues? randomized junior trainees to a 
structured virtual reality curriculum versus no 
training. These investigators found that the 
RoSS simulator curriculum significantly improved 


Fig. 2. Three commercially available virtual reality simulator platforms. (A) dV Trainer. (B) da Vinci Skills Simulator. 
(C) Robotic Surgery Simulator. (Courtesy of [A] Mimic Technologies, Seattle, WA, with permission; and [B] Intuitive 
Surgical, Sunnyvale, CA, with permission; [C] Simulated Surgical Systems, LLC, Williamsville, NY, with permission.) 


Table 2 
Three-dimensional virtual reality simulators 


Simulator Details 


dV Trainer (Mimic 
Technologies) 


First dedicated robotic 
simulator (2007)7° 

Stand-alone unit 

Augmented reality is 
available?” 


da Vinci Skills Uses da Vinci console 
Simulator (Intuitive Uses Mimic software 


Surgical) 

Robotic Surgery Stand-alone unit 
Simulator (RoSS, Augmented reality 
Simulated Surgical available (hands-on 
Systems, LLC) surgical training): 

uses haptics to guide 
the user's hands 
through the 
operative steps”? 


multiple inanimate exercises on the da Vinci 
robot. Finnegan and colleagues** enrolled 39 sur- 
geons and grouped them based on how many ro- 
botic cases each had completed to assess for 
construct validity. Each surgeon completed 24 
virtual reality exercises on the da Vinci Skills 
Simulator and found that overall and time- 
specific scores were significantly better for the 
more experienced groups in a linear fashion. 


Validity in Pure Laparoscopy Simulation 


Several studies have found the use of simulation 
to improve performance in pure laparoscopy. 
Grantcharov and colleagues*° reported a study 
in which 16 surgical trainees performed a laparo- 
scopic cholecystectomy and were then random- 
ized to simulation versus no simulation. Those 
randomized to the simulator showed greater 
improvement in error, operative time, and econ- 
omy of motion on a subsequent laparoscopic 
cholecystectomy. A Cochrane review? of ran- 
domized trials that studied the association of vir- 
tual reality simulators to performance during 
human or animal surgery found that skills in lapa- 
roscopic surgery can be increased by simulation. 
The study claimed substantial evidence (grade 
IA-IIB) for the use of simulators in laparoscopic 
training. 


Warm-Up Exercises 


Virtual reality and box trainer simulation have both 
been found to improve surgical performance when 
used as a warm-up before pure laparoscopic 
surgery. Lee and colleagues?” pointed out that if 
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warm-ups are beneficial for athletes and musi- 
cians, they might also be for surgeons. These in- 
vestigators randomized surgical trainees between 
box trainer exercises for warm-up before surgery 
versus no warm-up. They found that warm-up 
exercises improved cognitive, psychomotor, and 
technical scores on subsequent laparoscopic renal 
surgeries. Similar benefits to warm-up exercises 
have been found in general and gynecologic 
surgery.°°:9 


Cost 


The cost associated with animal laboratories and 
virtual reality simulation is significant and contro- 
versial. Rehman and colleagues*° surveyed the 
time that urology residents spent on the RoSS 
over the span of 1 year and found that 105 trainees 
spent 361 hours. This time was equated to 72 
robotic-assisted prostatectomies and 72 animal 
laboratories for a combined estimated cost of 
$600,000. Because the cost of the simulator was 
near $100,000, it was concluded that simulation 
was cost-effective. However, these investigators 
did not justify their assumption that 1 minute on 
the simulator was equivalent to 1 minute in the 
operating room. Also, traditional inanimate simula- 
tion provides the advantage of increased familiar- 
ity with the da Vinci robot and adds essentially no 
additional cost. Of course, inanimate simulation is 
often limited to nights and weekends when the 
robot is not being used for surgery. Comparative 
studies are few and generally find inanimate, 
animal, and virtual reality simulations to all be 
helpful.“ 


EXAMPLE CURRICULA 
Fundamentals of Laparoscopic Surgery 


The Fundaments of Laparoscopic Surgery (FLS) is 
a combined cognitive and psychomotor curricu- 
lum, which has been validated for training and cre- 
dentialing of pure laparoscopic surgery. In 2003, 
the Society of American Gastrointestinal Endo- 
scopic Surgeons and the American College of Sur- 
geons combined the McGill Inanimate System for 
Testing and Evaluation of Laparoscopic Skills 
with a 10-chapter cognitive component.**:*° The 
American Board of Surgery mandated the suc- 
cessful completion of the FLS program for certifi- 
cation in 2009 in addition to Advanced Cardiac 
Life Support and Advanced Trauma Life Sup- 
port.** Okrainec and colleagues*° published data 
in 2011 on the first 5 years of FLS certification 
testing and found widespread acceptance of the 
program, with an 88% overall pass rate for 2689 
participants. 
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Robotic Training Curriculum 


There is not a standardized curriculum for robotic 
training and credentialing, although institution- 
specific curricula have been described. Dulan 
and colleagues*° described a comprehensive, 
proficiency-based curriculum used at University 
of Texas Southwestern Medical Center. Their con- 
tent domain contains 23 specific skill sets, and 
their curriculum consists of 3 parts: 


e Online tutorial 

e Half-day interactive session 

e Nine inanimate exercises with objective 
metrics 


Initial studies showed face and content valid- 
ity.” Arain and colleagues*® reported on 55 
participants in the course who showed improve- 
ment in simulator scores and concluded that the 
course was feasible, with high reliability. They 
found that the total time to complete the curri- 
culum ranged from 9 to 17 hours, and inanimate 
simulation proficiency was reached by an 
average of 72 repetitions, taking an average of 
5 hours. 

Lucas and colleagues*® described a second 
curriculum that is used at Indiana University 
School of Medicine. Participants complete both 
the Intuitive da Vinci Online Community tech- 
nical modules and the AUA e-learning modules 
as part of the cognitive component. Participants 
then sign up for at least four 1-hour weekend 
training sessions, consisting of 5 inanimate ro- 
botic exercises, which are scored for time and 
accuracy: 


Pegboard 
Checkerboard 
String running 
Pattern cutting 
Suturing 


Additional high-fidelity simulations such as a 
urethrovesical anastomosis model are available 
as participants acquire basic skills. After obtain- 
ing adequate time as a bedside assistant, the 
participants are allowed to proceed to console 
time during live surgeries. Participation in live sur- 
geries follows a customized and graduated pro- 
cess based on evidence of proficiency. Lucas 
and colleagues‘? found that pegboard, checker- 
board, cutting, and suturing scores were all 
improved for 16 participants who completed the 
program. Average time to complete the curricu- 
lum was 14 months, and participants noted that 
it was easy to attend, useful, and improved ro- 
botic skills. 


FRS 


In 2011, a group of 14 surgical societies convened 
3 consensus conferences with the stated goal to: 


Create and develop a validated multi-specialty, 
technical skills competency based curriculum 
for surgeons to safely and efficiently perform 
basic robotic-assisted surgery. 


Using the modified Delphi method, the partici- 
pants identified 25 outcomes measures that rep- 
resented the minimal skills needed to safely 
perform robotic surgery regardless of specialty.?* 
Consensus conferences also focused on building 
a curriculum to address each of the outcomes 
measures. The resultant curriculum was divided 
into 3 components: 


e Cognitive skills 
e Psychomotor skills 
e Team training and communication skills 


Guiding principles for psychomotor skills 
included three-dimensional simulation, cost- 
effectiveness, low-fidelity and high-fidelity simula- 
tion for training, and high fidelity for examination. 

Team training and communication skills have 
been recognized as an important component of 
technical errors. Rogers and colleagues”? reported 
on 444 malpractice claims from insurers, which rep- 
resented more than 20,000 physicians. These inves- 
tigators found that 75% of surgeon-related errors 
occurred intraoperatively, with the leading causes 
being inexperience or lack of technical competence 
(41%) and communication (24%). Cases with tech- 
nical errors were more likely to include multiple 
phases of care and multiple personnel, which argues 
for the importance of teamwork and communication 
during surgical care. Principles for team training and 
communication skills included inclusion, empower- 
ment, person specific, and ownership. 


CREDENTIALING 


In contrast to the FLS requirement for pure laparo- 
scopic credentialing by the American Board of 
Surgery, there are no curriculum requirements to 
perform robotic surgery in the United States. Rec- 
ommendations for credentialing exist, but individ- 
ual institutions have the responsibility for defining 
requirements. Therefore, unless the local hospital 
has taken steps in advance to provide privileging 
guidelines, a urologist may schedule a robot- 
assisted case with no verification of competence. 

The AUA’? recommends that the residency 
program director must document satisfactory 
training and confirm competence to independently 


perform robotic surgery. The AUA also recom- 
mends that trainees are involved in a total of 20 
cases and 10 cases in which they have console 
time during a key portion of the case. 

For practicing urologists with no formal robotic 
training, a structured program including online 
modules from Intuitive Surgical and the AUA is rec- 
ommended. Other recommendations by the AUA 
include: 


e Hands-on training with an instructor, including 
case observation and video review of cases 

e A written report from a proctor confirming ro- 
botic skills 

e Review of surgical outcomes after the sur- 
geon’s initial experience by an unbiased group 


Society-based guidelines require evidence of 
competence for credentialing. For example, the 
FRS** recommends a competency-based curricu- 
lum, in which a trainee continues to practice until 
curriculum scores equivalent to experienced sur- 
geons are reached. Also, the Society of Urologic 
Robotic Surgeons”! recommends that, in addition 
to existing training tools and guidelines, compe- 
tence of robotic skills should be confirmed through 
a period of proctoring. Specifically, the society rec- 
ommends that a proctor report confirming robotic 
skills be required before full privileges are granted. 


SUMMARY 


The use of robot-assisted laparoscopic surgery has 
increased rapidly, and with it, the need to better 
define a structured curriculum and credentialing 
process. Numerous efforts have been made by 
surgical societies to define the requisite skills for ro- 
botic surgeons, but in the United States, individual 
institutions have the responsibility for granting priv- 
ileges. Recently, efforts have focused on creating a 
standardized curriculum with competency-based 
assessments. A competency-based approach of- 
fers a better hope of honoring the principle of 
“above all, do no harm” and obtaining continued 
acceptance of new operative technologies such 
as robot-assisted surgery. 
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KEY POINTS 


e There has been a rapid adoption of robotic-assisted laparoscopic surgery (RALS) in the absence of 
high-level evidence showing its superiority to conventional approaches. 
e The authors’ systematic literature research revealed that only a few studies compared direct costs 


of different approaches. 


e Despite the heterogeneous nature of cost comparison studies, they demonstrate that RALS is 


associated with greater direct costs. 


e Todate, RALS, and in particular robotic-assisted laparoscopic prostatectomy (RALP), has not been 
found to be cost-effective from a health economic standpoint. 

e Although the demand for RALS by surgeons and patients is high, spiraling health care costs and 
strained health care systems will demand more comprehensive study designs for the inevitable 
adoption of costly new technologies such as RALS. 


INTRODUCTION 


Robotic-assisted laparoscopic surgery (RALS) has 
evolved since its inception in 1985 to its current 
state in the form of the da Vinci surgical system 
(Intuitive Surgical, Sunnyvale, California). 
Following receipt of US Food and Drug Adminis- 
tration approval in 2000 for adult and pediatric sur- 
geries, utilization has increased ahead of empirical 
evidence demonstrating superiority over conven- 
tional surgical approaches. The technology offers 
advantages of a 3-dimensional view of the opera- 
tive field, absence of a fulcrum effect, 7° versus 4° 
of freedom of movement compared with conven- 
tional laparoscopy with ‘wristed’ instruments that 
facilitate intracorporeal suturing, elimination of 
surgeon tremor, and ergonomic benefits, ' 


hastening the learning curve for open surgeons 
transitioning to minimally invasive surgery.2~* 
Additional advantages over open surgery include 
smaller incisions, reduced intraoperative blood 
loss due to carbon dioxide insufflation, decreased 
postoperative pain, and shorter hospital lengths of 
stay (LOS) and convalescence.*° Disadvantages 
of RALS include relatively longer operative times, 
absence of tactile feedback, and instrument colli- 
sions when traversing broader operative fields.°:”® 

Since the introduction of the da Vinci system, 
most cases are now dedicated toward urology and 
urologic oncology procedures. With more than 
1400 robotic surgical systems installed in US hospi- 
tals, with some having up to 5 systems, and the num- 
ber of robotic systems in other countries doubling 
from 200 to 400 between 2007 and 2009,° RALS 
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has been rapidly adopted in the absence of over- 
whelming evidence demonstrating superior out- 
comes compared with laparoscopic and open 
surgery. "1? Further, direct-to-consumer advertising 
has resulted in heightened patient demand for 
RALS,"' particularly for radical prostatectomy. How- 
ever, men who underwent radical prostatectomy 
with RALS versus open surgery were more likely to 
be diagnosed with incontinence and erectile 
dysfunction, and more likely to experience treat- 
ment regret. 1™1? Regarding utilization of pharmaco- 
therapy for erectile dysfunction following treatment 
for localized prostate cancer, men undergoing mini- 
mally invasive surgery including RALS were more 
likely to use pharmacotherapy after treatment. '® 
Moreover, patients were more likely to be regretful 
and dissatisfied, possibly because of greater expec- 
tation of an innovative procedure with less coun- 
seling on adverse effects. '* It has been suggested 
that urologists carefully portray the risks and 
benefits of new technologies during preoperative 
counseling to minimize regret and maximize satis- 
faction.'* However, more recent analysis demon- 
strates that robotic-assisted versus open radical 
prostatectomy is associated with fewer positive sur- 
gical margins and less use of radiation or androgen 
deprivation therapy within 2 years of surgery, sug- 
gesting better cancer control outcomes.'* As 
such, further comparative effectiveness research is 
needed to identify determinants of appropriate 
dissemination of robotic surgery. 


CONSEQUENCES OF RAPID ADOPTION OF 
ROBOTIC SURGERY 


Many patients intuitively perceived minimally inva- 
sive approaches as reducing complications 
compared with conventional surgery. Patients pre- 
fer these approaches, especially RALS, because 
of smaller incisions requiring fewer analgesics 
and shorter hospital stays, even at a greater cost 
to the health system.'® The cosmetic appeal of 
multiple small incisions versus a single incision is 
one of personal preference. With rapid adoption, 
prolonged learning curves, and varying hospital 
accreditation practices for attaining RALS privi- 
leges, there may come unforeseen risks. For 
example, the rapid adoption of laparoscopic cho- 
lecystectomy in the 1990s resulted in a spike in 
biliary tract injuries from 1500 to 4000 per year.'® 
Well-designed studies comparing surgical ap- 
proaches are sparse, and most studies are 
comprised of single-surgeon series that may not 
be generalizable to other practice settings. 

RALS was rapidly adopted for radical prostatec- 
tomy, and hospital acquisition led to the expansion 
of RALS for other procedures.'’ A consequence of 


the rapid adoption of RALS resulted in certain pro- 
fessional organizations recommending against 
RALS as a preferred treatment option.'® For 
instance, robotic hysterectomy has become 
increasingly utilized with increased complications 
and costs over open surgery, so much that the 
American Society of Obstetrics and Gynecology 
no longer recommends RALS as a first-line surgical 
option. 18 

A recent population-based comparative effec- 
tiveness study of RALS utilization, patterns of 
care, and costs resulted in several important find- 
ings that may provide some insight into lessons 
learned from the rapid adoption of RALS.' First, 
racial, geographic, and hospital-based variations 
exist in patients undergoing RALS, with limited 
access to care for nonwhite patients. Several other 
studies have demonstrated similar heterogeneity 
in access to newer technology and therefore 
limit generalizability of outcomes.'°?' Second, 
higher-volume hospitals are more likely to offer 
RALS for procedures such as radical prostatec- 
tomy; however, they are less likely to offer it for 
other procedures such as cystectomy, owing to 
likely increased complexity of the latter procedure. 
Outcomes of robotic cystectomy are comparable 
to the open approach; however, prior comparative 
analyses are derived from high-volume open and 
robotic surgeons.** Interestingly, robotic partial 
nephrectomy has become increasingly adopted 
over conventional laparoscopy, which had a pro- 
longed learning curve and technical complexity 
that precluded universal adoption.':*°2* A recent 
population-based study found robotic partial ne- 
phrectomy to result in fewer complications and 
shorter length of stay than either the laparoscopic 
or open approach.' As newer technologies such 
as RALS become further adapted to more complex 
procedures, it is critical to understand the conse- 
quences of rapid adoption of RALS in order to 
avoid potential future pitfalls. Some been sug- 
gested that state-based certificates of need should 
be implemented to control RALS utilization and 
limit costs as they pertain to prostate cancer.?° 
However, state-based regulations were ineffective 
in constraining robotic surgery adoption and 
intensity-modulated radiation therapy, another 
controversial, high-cost prostate cancer treatment 
modality.2° As health care reform gets underway, 
one may expect similar constructs to be imple- 
mented in order to control RALS and health care 
costs while striving to improve patient outcomes. 


THE COSTS OF ROBOTIC SURGERY 


RALS has been consistently shown to be more 
costly than conventional laparoscopic or open 


surgery. Others have demonstrated RALS to be 
$1065 to $2315 higher in direct costs for radical 
prostatectomy and $535 to $1651 more for partial 
nephrectomy, despite purported cost savings 
associated with shorter LOS.?'’ In regards to 
radical cystectomy, where there has been conflict- 
ing evidence regarding LOS benefit, RALS was 
$3797 more costly, with $4326 higher 90-day me- 
dian direct costs than open surgery.2°7° One 
study estimated that the incremental cost (without 
factoring in the purchase of the robotic surgical 
system) of RALS averages approximately $1600, 
or an additional 6% per case more than open sur- 
gery.° Lower costs have been associated with 
higher RALS volume for radical prostatectomy 
compared with other procedures, consistent with 
a study demonstrating 68% lower charges for 
high- versus low-volume minimally invasive radical 
prostatectomy surgeons.°° When analyzing RALS 
costs as related to radical prostatectomy, the in- 
cremental cost when compared to open surgery 
doubles when factoring in the $1.75 million capital 
acquisition cost of the robotic surgical system.° 
This projects to $2.5 billion in annual US health 
care expenditures if RALS universally replaces 
conventional surgical approaches.’ Considering 
medical devices are not subject to the same level 
of scrutiny compared with pharmaceuticals in 
demonstrating clinical effectiveness, '°' the rapid 
adoption of new medical technologies such as 
RALS significantly contributes to spiraling health 
care costs.°* Pearson and Bach proposed a tiered 
payment system,°° whereby full reimbursement 
be rendered for therapies demonstrating superior 
outcomes to existing standards. Under this 
paradigm, in the absence of demonstrable 
cost-effectiveness, fiscal responsibility for the 
incremental cost of RALS shifts from insurers to 
patients, and may thus attenuate demand. 


PROVIDER FACTORS ASSOCIATED WITH 
COSTS: ROOM TO IMPROVE 


High-risk surgical procedures such as pancreatec- 
tomy** and esophagectomy*’ have decreased 
morbidity and mortality when performed in high- 
volume hospitals. Similarly, higher hospital volume 
is associated with decreased morbidity for colon®® 
and breast?” cancer surgeries. Additionally, hospi- 
tal volume is inversely related to in-hospital mortal- 
ity and LOS after radical prostatectomy.°® 
However, surgeon rather than hospital volume 
has been shown to be the primary determinant of 
radical prostatectomy outcomes, as intensive 
care admissions and lengths of hospitalization 
have declined over the past 20 years.°°° Taking 
into account the previously mentioned changes 


Costs of Robotic Surgery 


in radical prostatectomy trends and outcomes, 
hospital and surgeon volumes have been analyzed 
to assess whether centralization may be beneficial 
to minimize morbidity, mortality, and health care 
costs.°°:+'42 Given that most radical prostatec- 
tomies are performed by surgeons performing 
fewer than 10 cases a year,*° selective referral of 
radical prostatectomies to high-volume surgeons 
may be lead to significant cost savings, particu- 
larly with the reality of accountable care organiza- 
tions looming on the horizon. 

Several studies have analyzed radical prosta- 
tectomy provider effects on costs. Higher surgeon 
and hospital volumes have been associated with a 
reduction in radical prostatectomy costs.** It has 
even been suggested that selective referral to 
high-volume surgeons at intermediate- and high- 
volume hospitals nationally would reduce health 
care costs by more than $28.7 million.** This 
amount exceeds the $19 million the National Can- 
cer Institute allocated to funding surgery-related 
research in 2010 for prostate cancer.*® Others 
have shown that higher surgeon volume is associ- 
ated with lower hospital charges,*° suggesting 
that as radical prostatectomy surgeons gain expe- 
rience, they become more efficient, and have 
better outcomes with lower costs.*!4” 

Lastly, it has been documented that higher sur- 
geon volume is associated with better periopera- 
tive outcomes,*'*? which may be the more 
important determinant to offset costs. Higher- 
volume hospitals tend to be academic medical 
centers with the mission of furthering research, ed- 
ucation, and clinical care, accepting patients 
regardless of clinical presentation and financial 
risk.4® Thus, higher-volume hospitals may have 
better information technology, documentation, 
and compliance with reimbursement guidelines 
to offset potential financial risks. 


COSTS: LESSONS LEARNED FROM RAPID 
ADOPTION OF ROBOTIC PROSTATECTOMY 


Mouraviev and colleagues‘? presented the first 
study comparing actual direct costs associated 
with robotic-assisted laparoscopic prostatectomy 
(RALP) versus radical retropubic prostatectomy 
(RPP) and found RALP to be less cost-effective. 
In another study, Bolenz and colleagues?! 
compared minimally invasive prostatectomy (lapa- 
roscopic and robotic) with open surgery, and when 
considering purchase and maintenance costs, the 
incremental cost was $2698 per RALP. This was 
predominantly due to higher costs of surgical sup- 
plies and operating room costs. A study performed 
in accordance with internationally standardized 
criteria for health economic evaluations confirmed 
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that RALP is significantly more expensive than 
RRP.°° Finally, Rebuck and colleagues®! 
confirmed higher direct RALP costs, mainly 
because of high operating room and surgical sup- 
ply costs. Compounding costs for RALS are utili- 
zation of fluorescence imaging, dual consoles, 
simulation, and additional upgrades, which further 
contribute to the higher cost of robotic surgery 
versus conventional approaches.°? Although 
modification of the previously mentioned factors, 
such as faster turnover times and dedicated surgi- 
cal teams, have been evaluated, these measures 
did not compensate for the added expenditure 
for RALP.°° 

Current comparative and cost-effectiveness 
studies on RALS have several limitations, because 
different methods were used in assessing health 
care costs. Cost components may differ between 
studies, with costs of the procedures not only vary- 
ing between institutions and different health care 
systems, but also between different geographic 
regions.°* Therefore, cost values are not directly 
comparable in the literature. The costs for RALP 
are influenced by hospital characteristics (eg, pro- 
vider [surgeon/hospital] case volume, academic vs 
nonacademic center, hospital ownership). It has 
been shown that costs and surgeon fees for proce- 
dures performed in a county government hospital 
may be less than in a private academic medical 
center.°° Other highly variable parameters are hos- 
pital charges; cost of hospitalization; purchase and 
maintenance costs of the robot, which depend on 
case volume and amortization rates; surgeon 
experience (ie, operative time and complications); 
academic or private or community setting; conva- 
lescence; long-term oncologic outcomes; and 
salvage treatment.°? It is also important to note 
that in many centers, the learning curve of robotic 
surgeons is ongoing, and contemporary series 
may underestimate actual costs. Many studies 
comparing the costs of RALP and open RRP ad- 
dressed mainly the costs of the procedure, and 
initial hospital stay was primarily assessed from a 
hospital perspective.°°°° Available studies pre- 
sented only limited follow-up data, and there is 
only little evidence from studies using established 
methods for the economic evaluation of health 
care programs. There is limited evidence for other 
cost advantages of RALP, such as earlier return to 
work,°* which may contribute to greater value for 
RALP from a societal perspective.°© There is also 
a potential bias that many centers may perform pri- 
marily RALP and reserve open RRP for difficult 
cases that are thought to be difficult with RALS. 
However, with the rapid adoption of RALP, even 
the most challenging cases are now being done 
robotically.°” 


SUMMARY 


There has been a rapid adoption of RALS in the 
absence of high-level evidence showing its superi- 
ority to conventional approaches. The authors’ 
systematic literature research revealed that only 
a few studies compared direct costs of different 
approaches. Despite the heterogeneous nature 
of cost comparison studies, they demonstrate 
that RALS is associated with greater direct costs. 
To date, RALS, and in particular RALP, has not 
been found to be cost-effective from a health eco- 
nomic standpoint. Although the demand for RALS 
by surgeons and patients is high, spiraling health 
care costs and strained health care systems will 
demand more comprehensive study designs for 
the inevitable adoption of costly new technologies 
such as RALS. 
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KEY POINTS 


e The best evidence comparing the effectiveness of robot-assisted radical prostatectomy (RARP) 
with open radical prostatectomy (ORP) for patients with clinically localized prostate cancer (PCa) 


is based on observational retrospective studies. 


e The adoption of standardized endpoints is mandatory when evaluating the comparative effective- 
ness of different surgical approaches for the treatment of PCa. 

e The currently available retrospective studies evaluating oncologic and nononcologic outcomes of 
RARP are limited by selection bias, short follow-up, and the inclusion of patients for the most 
part treated in high-volume tertiary referral centers. 

e Well-designed prospective investigations are needed to comprehensively assess the benefits of 
RARP compared with other treatment modalities in patients with clinically localized PCa. 


INTRODUCTION 


PCa is the most common noncutaneous malig- 
nancy in the United States and Europe. For the 
year 2014, 233,000 men are estimated diagnosed 
with PCa in the United States alone.' Radical pros- 
tatectomy (RP) represents one of the standard-of- 
care treatment approaches for patients with clini- 
cally localized PCa.” Since its description in a land- 
mark study by Walsh and Donker in 1982,° ORP has 
been the most commonly performed approach for 


the surgical treatment of patients with clinically 
localized PCa. This surgical technique is associated 
with excellent cancer control rates, where only 14% 
of patients treated with ORP experience cancer- 
specific mortality at long-term follow-up.* Long- 
term side effects, however, such as erectile 
dysfunction and urinary incontinence, might sub- 
stantially affect patient health-related quality of 
life.” ® This holds particularly true in young and 
physically active individuals. 
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Over the past 15 years, the introduction of 
minimally invasive technologies has revolution- 
ized the treatment of clinically localized 
PCa.®™!1° In particular, the adoption of RARP 
immediately gathered much enthusiasm in the 
field. First described in a case report by Abbou 
and colleagues,'' Menon’s standardization'?-'® 
of RARP has resulted in the dissemination of ro- 
botics in the United States, where a majority of 
RPs are now done robotically.1%17 

Robot-assisted surgery offers many hypotheti- 
cal benefits, such as stereoscopic vision, 
enhanced visual magnification, and more degrees 
of freedom for surgical instruments. As such, many 
investigators hypothesized that this surgical 
approach would lead to lower rates of short- and 
long-term side effects, including urinary inconti- 
nence and erectile dysfunction, relative to the con- 
ventional ORP.'®** Additionally, these technical 
advantages may also result in better oncologic 
outcomes compared with ORP. For example, 
several investigators postulated that the adoption 
of minimally invasive approaches would result in 
lower rates of positive surgical margins and addi- 
tional cancer therapies after surgery.2°°° 
Conversely, the dissemination of RARP took place 
in the absence of high-level evidence supporting 
its efficacy or safety. There are now enough data 
to suggest that market competition between hos- 
pitals and patient demands in response to aggres- 
sive marketing strategies were the main drivers of 
its adoption.° The rapid adoption of robotic sur- 
gery has had an impact on the costs of PCa 
care, because RARP is generally more expensive 
than ORP.?’-°° For example, investigators have 
estimated that the widespread adoption of mini- 
mally invasive surgery is associated with excess 
expenditures of approximately $2.5 billion per 
year in the United States alone.°'°° Given the con- 
cerns and the demand for greater value, these 
considerations highlight the need for a compre- 
hensive evaluation of the safety and efficacy of 
minimally invasive approaches. Understanding 
and quantifying the benefits of RARP would allow 
policymakers to better estimate the true value of 
this technique to health care systems, providers, 
and patients. On the basis of these considerations, 
this study aims to systematically evaluate the 
models adopted in investigations assessing the 
comparative effectiveness of RARP versus ORP. 


OUTCOMES DEFINITION 


There is tremendous variation in the reporting of 
postoperative complications, functional outcomes, 
and oncologic results in urologic oncology, regard- 
less of the surgical approach.°**°° Consequently, 


the implementation of commonly accepted defini- 
tions for postoperative endpoints is necessary to 
compare the results of RARP with ORP. Currently, 
the lack of such standardized endpoints under- 
mines the validity of studies comparing RARP with 
ORP. In this context, several efforts have been 
recently made to standardize the definition of post- 
operative endpoints. 


Short-Term Outcomes 


The manner in which perioperative outcomes or 
complications are reported is a significant 
confounder when trying to assess differences in 
complication rates between RARP and ORP.°’ 
Such confusion has led to efforts to standardize 
the reporting of complications after surgery. Spe- 
cifically, Martin and colleagues*® developed 10 
criteria for the evaluation of studies reporting post- 
operative complications (Table 1). These include 
methods of data accrual, definition of complica- 
tions, outpatient information, severity grading, 
procedure-specific complications, length of stay, 
mortality rates and cause of death, duration of 
follow-up, and data on preoperative risk factors.°° 
These criteria were subsequently modified and 
adapted for urologic surgery by Donat.°° Although 
many notable studies*?*? have adopted the 
Martin-Donat criteria for standardized reporting 
of complications, these criteria are not routinely 
applied in most settings. For example, a recently 
published systematic review comparing the peri- 
operative outcomes of RARP and ORP identified 
only 1 publication that fulfilled all of the 10 Martin 
criteria. Regardless, retrospective compara- 
tive assessments critically need to fulfill these 
criteria to be considered valid and relevant. 1°44 

The cornerstone of the Martin-Donat criteria is 
using a standardized grading system for complica- 
tions.°° The most commonly used grading system 
is based on the work by Clavien and colleagues.*° 
In their pioneering investigation, the investigators 
systemically categorized postoperative complica- 
tions into 4 grades according to their severity. In 
2004, this grading system was updated by Dindo 
and colleagues,*° who modified these criteria to 
improve their accuracy and applicability to the sur- 
gical community. 

The current grading system uses the following 
definitions: 


e Grade 0: absence of any complications 

e Grade 1: presence of any deviation from the 
normal postoperative course 

e Grade 2: management that includes not more 
than intravenous blood transfusion 

e Grade 3: complications that require surgical, 
endoscopic, or radiologic intervention 
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Table 1 
Martin criteria for the evaluation of article reporting complications after surgery 


Criteria Requirement 


Method of accruing data defined Prospective or retrospective accrual of data are 


indicated. 


Duration of follow-up indicated Report clarifies the time period of postoperative 
accrual of complications, such as 30 d or same 


hospitalization. 


Study indicates that complications first identified after 
discharge are included in the analysis. 


Article defines at least 1 complication with specific 
inclusion criteria. 


Outpatient information included 
Definitions of complications provided 


Mortality rate and causes of death listed The number of patients who died in the postoperative 
period of study are recorded together with cause of 


death. 


The number of patients with any complication and the 
total number of complications are recorded. 


Radical prostatectomy: anastomotic leak, lymphocele, 
urinary retention, obturator nerve injury, etc. 


Any grading system designed to clarify severity of 
complications, including major and minor, is 
reported (eg, Clavien and Dindo grading system). 


Median or mean length of stay is indicated in the study. 
Evidence of risk stratification and method used is 


Morbidity rate and total complications 
indicated 


Procedure-specific complications included 
Severity grade used 


Length-of-stay data 
Risk factors included in the analysis 


e Grade 4: life-threatening complications 
requiring intensive care management 

e Grade 5: complications that cause the death 
of the patient 


This system is notable for recording any devia- 
tion from the regular postoperative course as a 
complication.°’*°*’ Previous studies showed 
that this grading system is easily applicable and 
reproducible in patients treated with RP.°’4447 
Many comparative assessments between ORP 
and RARP do not consider blood transfusions 
as complications but as a separate endpoint. As 
such, many investigators have argued that if 
blood transfusions were considered complica- 
tions, most if not all evidence would show lower 
complication rates with RARP compared with 
ORP. Regardless, the adoption of these stan- 
dardized evaluation tools in more recent publica- 
tions facilitates the comparison of short-term 
outcomes of RARP and ORP. For example, Agar- 
wal and colleagues‘? demonstrated the safety of 
robotic surgery in a large cohort of patients with 
clinically localized PCa treated at a single referral 
tertiary center; this report represents one of the 
first efforts to use the standardized Martin- 
Donat criteria to examine morbidity and mortality 
after RARP. 


indicated by study. 


Functional Outcomes 


The use of clear definitions for potency and conti- 
nence recovery is essential for comparing func- 
tional outcomes between patients treated with 
RARP and ORP. Indeed, the adoption of validated 
questionnaires, such as the International Index of 
Erectile Function (IIEF), has been widely 
advocated for the assessment of erectile function 
after surgery.°°°71:5° Briganti and colleagues°° 
showed that an erectile function domain of the 
IIEF greater than or equal to 22 represents a reli- 
able score for defining a satisfactory erectile 
function after radical prostatectomy. Therefore, 
such a definition should be applied when assess- 
ing the rates of erectile function recovery after 
ORP and RARP.°° 

Similarly, when evaluating postoperative uri- 
nary continence, previous studies have demon- 
strated that the definition of incontinence 
substantially affected the rates of continence re- 
covery after surgery.*®°° In an effort to define 
more stringent criteria for satisfactory continence, 
Liss and colleagues°° recently observed that pa- 
tients reporting the use of 1 pad or more per day 
had a significant decrease in postoperative qual- 
ity of life compared with their counterparts using 
no pad. Consequently, many investigators have 
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advocated that urinary continence recovery after 
surgery should be strictly defined as the use of 
no pad.°° Additionally, the odds of functional out- 
comes recovery significantly vary over time; how- 
ever, improvements in urinary continence and 
erectile function recovery after 36 months of 
follow-up are trifling. In consequence, a median 
follow-up of at least 3 years should be considered 
compulsory when comparing functional out- 
comes between open and minimally invasive 
surgery. 


Oncologic Outcomes 


When evaluating oncologic outcomes, the short 
follow-up in series of patients treated with RARP 
prevents investigators from comprehensively 
comparing cancer-specific mortality rates be- 
tween the 2 surgical approaches.°:?° Given the 
indolent natural history of clinically localized PCa, 
a long-term follow-up is needed to assess impor- 
tant postoperative oncologic outcomes, such as 
metastasis-free survival and cancer-related mor- 
tality. In consequence, secondary endpoints 
have been considered. 

Biochemical recurrence (BCR) represents one of 
the most frequently reported surrogate endpoints. 
It needs to be taken into consideration, however, 
that the rates of BCR are conditional to several 
confounders, such as preoperative and pathologic 
characteristics, length of follow-up, and use of 
adjuvant hormonal or radiation therapies.°'°* 
The pioneering study by Menon and colleagues*° 
was the first to report the 5-year BCR-free survival 
rates in a large cohort of patients treated with 
RARP alone (without adjuvant therapies), support- 
ing the safety of this approach. 

The presence of positive surgical margins at 
final pathology has also been proposed as a proxy 
for cancer control.222°°°°® Again, caution should 
be used when considering this endpoint. The 
impact of positive margins on the long-term risk 
of BCR and cancer-specific mortality remains 
controversial and is likely dependent on the pres- 
ence of other adverse pathologic features at RP 
as well as patient life expectancy.°°°* Addition- 
ally, the rates of positive margins may depend 
more on surgical expertise®* and/or surgical tech- 
nique (ie, aggressiveness of nerve sparing) rather 
than represent the quality of the approach (RARP 
vs ORP). The learning curve phenomenon may 
play a more significant role in patients treated 
with minimally invasive surgery, given the recent 
introduction of the robotic technique and the low 
cumulative case volume of early adopters.°° 
Consequently, the use of this endpoint may not 
be adequate to comprehensively assess the 


oncologic safety of robot-assisted versus open 
surgery.°°,°° 

Similar limitations apply when comparing the 
use of postoperative cancer-related therapies be- 
tween patients treated with RARP or ORP.?°:°°:°” 
The administration of adjuvant radiotherapy and 
hormonal therapy strongly depends on disease 
characteristics at final pathology.°°°* For 
example, evidence from randomized trials sup- 
ports the use of adjuvant androgen deprivation 
therapy after RP in patients with node-positive 
PCa.*:°° Because the likelihood of lymph node in- 
vasion at RP depends on the extent of the pelvic 
lymph node dissection performed?°?’° and 
because patients treated with RARP are less 
likely to receive a lymph node dissection at 
RP,°° the use of postoperative cancer therapies 
may be higher in ORP patients when it really re- 
flects more precise nodal staging. Moreover, 
given the lack of consensus on the benefits of 
adjuvant radiotherapy after RP, the selection of 
patients for adjuvant therapies relies immensely 
on patient-physician perceptions and prefer- 
ences.’'~’° Such considerations undermine the 
validity of this endpoint as a proxy of cancer 
control after RP.°° 


Costs and Expenditures 


In an era of heightened scrutiny for health care 
spending and resource allocation, treatment- 
associated expenditures represent an important 
endpoint when comparing RARP and 
ORP.?S:2774 One of the purported disadvantages 
related to the adoption of minimally invasive sur- 
gery is the substantially higher costs associated 
with the purchase of robotic equipment and the 
use of disposables.*9’>’° On the other hand, 
several investigators have postulated that shorter 
length of stay and lower rates of transfusions 
may result in lower costs of RARP compared 
with ORP in the early postoperative setting.” 
The absence of prospective studies, however, 
comparing the costs and expenditures associated 
with RARP and ORP limits the ability to fully grasp 
these interesting hypotheses.*”:?°’* Moreover, the 
proposed savings from a shortened length of hos- 
pitalization and lower transfusion rates rely on 
health care provider reimbursement policies, 
which may vary from one country to another.°':”4 
The potential benefits of RARP with regard to 
lower rates of positive surgical margins and use 
of additional cancer therapies would also result 
in substantial savings for the health care system 
in the long term?*; however, prospective studies 
incorporating these endpoints are needed to fully 
address this. 
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OBSERVATIONAL STUDIES 
Retrospective Studies from Tertiary Referral 
Centers 


Several retrospective studies from high-volume ter- 
tiary referral centers showing better short-term 
postoperative outcomes for patients undergoing 
RARP fueled the initial enthusiasm for minimally 
invasive approaches for PCa surgery.®®5677=79 
These data should be interpreted with caution, how- 
ever. First, results obtained from high-volume hos- 
pitals and surgeons may not be applicable to the 
broader general population, because most patients 
are treated at community hospitals.°° Second, the 
introduction of a robotics training program at high- 
volume centers is associated with more stringent 
patient selection with regard to preoperative dis- 
ease and patient characteristics.°' °° Specifically, 
patients with more favorable disease and health 
are more likely to be selected to the novel approach 
(ie, minimally invasive surgery).°' Such selection 
bias may result in better short- and long-term out- 
comes for patients treated with minimally invasive 
approaches compared with their open counter- 
parts. Some of these selection biases are often un- 
recorded in retrospective observational studies, 
thus may undermine the validity of retrospective 
comparative investigations, because these unmea- 
sured confounders may exert strong influence on 
the outcomes, to an extent that any statistical 
adjustment would not appropriately mitigate.°° 

Several systematic reviews and meta-analyses 
based on these retrospective data from high- 
volume centers showed significant benefits for 
RARP with regard to perioperative outcomes, func- 
tional results, and oncologic endpoints. 1921:25:84 
Unfortunately, the aforementioned limitations apply 
also to these investigations, in addition to the usual 
publication bias for positive studies.®° Conse- 
quently, despite the high number of patients evalu- 
ated, these meta-analyses do not provide a 
definitive and compelling answer to the question, 
Which surgical approach is best for the treatment 
of patients with clinically localized PCa? If it is 
assumed that adjustment for case mix is appropri- 
ately performed (which is not a given), the best inter- 
pretation of these data may be that the outcomes of 
the best RARP series (or surgeons) are better than 
those of the best ORP series (or surgeons). 


Population-Based Studies 


As discussed previously, data from high-volume 
referral centers may not be generalizable to the 
overall population. In the absence of randomized 
controlled trials, several investigators give 
credence to population-based analyses evaluating 
the comparative effectiveness of RARP versus 


ORP in large contemporary cohorts of patients 
with clinically localized PCa.®19:29:29.86 Such 
studies allow for comparison of competing thera- 
pies across a broad range of health care 
settings.°° 

Results obtained from these data differ some- 
what from those originating from high-volume 
referral centers.®?7:65-67:86 In their assessment of 
a large population-based cohort of patients within 
the Nationwide Inpatient Sample, Trinh and col- 
leagues'® were able to demonstrate superiority 
of RARP over ORP for virtually all perioperative 
outcomes. In a landmark investigation by Hu and 
colleagues,°° however, no differences were 
observed between ORP and RARP with regard to 
perioperative outcomes and long-term functional 
results when evaluating a population aged 65 years 
or older enrolled in Medicare. Gandaglia and col- 
leagues!” examined postoperative complications 
and use of additional cancer treatments in a 
more contemporary cohort of Medicare benefi- 
ciaries and corroborated the results of the Hu 
and colleagues’ study. Similarly, Barry and col- 
leagues® compared the odds of problems with 
continence and sexual function after RARP and 
ORP in Medicare beneficiaries treated between 
2008 and 2009 using rigorous survey instruments 
and validated questionnaires. They observed that 
robotic surgery was associated with a nonsignifi- 
cant trend toward greater problems with urinary 
continence. Additionally, the adoption of RARP 
was not associated with better erectile function re- 
covery rates at a median follow-up of 14 months.® 

The reasons for such discrepancy may reside in 
preoperative case mix, where individuals included 
in these population-based studies may be older 
and sicker compared with their counterparts 
treated in referral centers. Many of these studies 
originate from Medicare enrollees, who are by 
definition older than 65 years of age. This may 
also explain why Trinh and colleagues’'® study 
showed a benefit for RARP with regard to periop- 
erative outcomes, whereas the other studies did 
not. Additionally, the learning curve phenomenon 
may be more influential at a population-based 
level. From a practical prospective, when results 
of institutional series conflict with large 
population-based studies, these findings highlight 
the importance of the surgeon rather than the sur- 
gical approach.?°’ For example, relying on 
Nationwide Inpatient Sample data that showed 
that RARP was associated on average with better 
perioperative outcomes than ORP,'® Sammon and 
colleagues?” nevertheless observed that ORP 
performed at high-volume hospitals had better 
outcomes than RARP performed at low-volume 
hospitals. 
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Statistical Methodology Applied in 
Retrospective Studies Comparing the Two 
Techniques 


Several efforts have been made to limit the effect 
of selection bias in retrospective observational 
studies comparing RARP with ORP. Several 
advanced statistical tools have been applied to 
minimize the effect of confounders. For example, 
propensity score matching represents a 
commonly used approach in observational retro- 
spective investigations. This method allows the 
selection of control subjects matched with treated 
subjects for readily available covariates, which, if 
unaccounted for, lead to biased estimates of 
treatment effects.°° When matching is performed, 
the covariates in the control and treatment groups 
are balanced after the matching process.°® Thus, 
analyses performed on the postpropensity 
score—matched population should lead to theoret- 
ically unbiased comparisons between postopera- 
tive outcomes of the 2 surgical techniques. Many 
investigators think, however, that although the ef- 
fect of measured confounders is minimized with 
propensity score matching, the effect of unmea- 
sured confounders may be amplified.°° 

Another statistical method gaining traction in the 
field is the instrumental variable analysis. This 
approach claims to perform pseudorandomization 
by accounting for both measured and unmeasured 
confounders.°° By definition, an instrumental vari- 
able should be associated with the odds of receiving 
the treatment of interest (eg, RARP) but should not 
be associated with the analyzed endpoint (eg, 
cancer-specific survival) except through the choice 
of treatment. Examples of instrumental variables 
that could be used to compare RARP with ORP 
are the density of RARP cases performed in a given 
area, the distance to the closest hospital performing 
RARP, or even physician-level preference for RARP. 
These instruments are conceptually sound; how- 
ever, the quality of the instrument must always be 
verified using statistical calculations, such as the 
F-statistic.°'°° For example, the density of RARPs 
performed in a given area are expected to influence 
the choice of treatment; however, that variable is not 
expected to affect the endpoint (for example, post- 
operative complications) except through the choice 
of treatment (RARP vs ORP). The instrumental vari- 
able is subsequently used for pseudorandomiza- 
tion, thereby allowing estimation of the effect of a 
certain treatment on the marginal population (eg, in- 
dividuals for whom the likelihood of undergoing the 
treatment is based on the instrumental variable).°° 

Although these statistical tools may limit the 
effect of selection bias when applied correctly, 
data from observational studies will never be as 


compelling as evidence from well-designed pro- 
spective randomized trials. 


PROSPECTIVE RANDOMIZED TRIALS 


To the best of the authors’ knowledge, there is no 
published randomized trial comparing the out- 
comes of RARP with those of ORP. Two random- 
ized trials have been accruing patients, however, 
and results are expected in the short term.°+°° 
Gardiner and colleagues” are recruiting 200 pa- 
tients per treatment arm (RARP vs ORP) at a major 
public hospital clinic in Queensland, Australia. One 
surgeon is performing all RARPs whereas another 
surgeon is performing all ORPs. The endpoints 
considered are both oncologic (positive surgical 
margins, BCR, and need for further treatments) 
and nononcologic (pain, physical and mental func- 
tioning, fatigue, urinary continence, erectile func- 
tion recovery, and quality of life). Cost modeling 
for each approach, as well as a full economic 
appraisal, will also be performed.°* The second 
trial is currently recruiting participants at the 
Mayo Clinic, and the preliminary results are ex- 
pected by May 2016.°° The primary endpoint is 
trifecta status (ie, free of BCR, potency, and conti- 
nence, at 2-year follow-up). 

Finally, results from 2 randomized controlled tri- 
als comparing RARP with pure laparoscopic RP 
have recently been published.°°°’ Asimakopoulos 
and colleagues®® randomized 128 patients with 
clinically localized PCa in 2 groups: RARP and 
laparoscopic RP. The primary endpoints were 
erectile function and urinary continence recovery, 
postoperative complications, and pathologic re- 
sults.°° The study showed that patients treated 
with RARP had higher erectile function recovery 
rates compared with their laparoscopic counter- 
parts. No differences were found, however, be- 
tween the 2 surgical approaches when evaluating 
the other endpoints. Recently, Porpiglia and col- 
leagues?” presented the results of their prospec- 
tive randomized trial comparing RARP and 
laparoscopic RP. The investigators included 120 
patients with clinically localized PCa, who were 
randomly assigned to RARP or laparoscopic RP. 
The same surgeon performed all cases. The inves- 
tigators did not find any differences between the 2 
surgical approaches with regard to postoperative 
complications and pathologic results; however, 
RARP provided better recovery of functional out- 
comes (ie, urinary continence and erectile func- 
tion) at 12-month follow-up.°’ The small number 
of patients included limits the generalizability of 
these prospective trials. Ultimately, critics can 
argue that these studies do not constitute a 
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randomized trial of 2 surgical techniques but rather 
a randomized trial of a single surgeon’s ability to 
perform RARP versus laparoscopic RP. 


SUMMARY 


Several methodological aspects should be 
considered when evaluating the effectiveness of 
robotic surgery in patients with clinically localized 
PCa. First, the adoption of standardized endpoints 
is needed to compare these 2 techniques. Sec- 
ond, the level of evidence supporting the superior- 
ity of one approach over the other (RARP vs ORP) 
depends on the type of study design. Currently, 
the comparative effectiveness of RARP and ORP 
has been exclusively evaluated through retrospec- 
tive observational studies. Selection bias and 
short follow-up undermine the findings obtained 
in this setting. Therefore, prospective randomized 
trials are needed to comprehensively assess the 
superiority or inferiority of RARP compared with 
other surgical approaches for the treatment of 
PCa. 
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